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PREFACE. 


I PROBABLY never should have ventured to 
engage in the composition and publication of 
a work like the present, had not that task 
been assigned me by my nomination as one of 
the writers of the series of Bridgewater Trea- 
tises, and had I not deeply felt the honour 
done me by that appointment, as well as the 
importance of the duty which it imposed. 
The hope, in which I have indulged, that my 
labours might eventually be useful, has been 
my chief support in this arduous undertaking; 
the progress of which has throughout been 
seriously impeded by the various interruptions 
incident to ray profession, by long protracted 
anxieties and afflictions, and by the almost 
overwhelming pressure of domestic calamity. 

The object of this treatise is to enforce the 





truths of Natural Theology, bgr ^44u<¥^ 
thos|0 evj4eiice8 of the power, 
g^duess of God, wliicli are jpamfested 
hyiug creation. The scientific knowledge^ ^ 
the phenomena of life, as they are exhihitod 
under the infinitely varied forms of orgfm^if: 
tion, constitutes what is usually termed, Puyt 
SIOI.OGY, a science of vast and almost boimd^ 
le^ extent, since it comprehends within its 
range all the animal and vegetable beings on 
the globe. This ample field of inquiry has, of 
late years, been cultivated with extraordinmy 
diligaice and success by the naturalists of 
every country ; and from their collective ,lsr 
bours there has now been amassed an immense 
Store of facts, and a rich harvest of yaluahte 
discoveries. But in the execution of my task 
this exuberance of materials wan rather /a 
source of difficulty ; for it created the necessity 
of more careful selection and of a, mp^ ex- 
, tended plan, 

,Jn conformity with Ihe opriginaf purpose I pf 
the vrork, which I have all along ^denwjur/sd 
to keep stondfasdy in view. I, have exclj^d^d 





fesSfci^’bkfi' of aiii^ and of pMnrtsi and 

of those structures, Of which the 
feiatidfi’ to final causes cannot be distinctly 
Icftbdd’;^ and have admitted only such fads hS 
manifest evidences of design. These 
faCls^ I have studied to arrange in that me* 
thOdized 'order, and to unite in those cOmpre^ 
hCnsive generalizations, which not only coni 
dncOto their more ready acquisition and re- 
tention in the memory, but tend also to enlarge 
Ohr views of their mutual connexions, and Of 
theif Silbofdihation to the general plan of erea- 
fiOm' My endeavours have been directed to 
give to the subject that unity of design, and 
that scientific fonn, which are generally 
dvahting in books professedly treating Of 
'■Natural ITieology, published pHor to the 
JiOeSent serfes; not excepting even the nn- 
tivallCd ' and immortal work of Paley. ' By 
furnishing those general principles. On t^hich 
inlb^nocntfete* and’ extensive knowledge 'ftmst 
* sabstahdally- be foiinded, r a*n not *felthotil*-n 
^hd^e' ^thaif'diiis C(?nipendiottf’'tnn^ 'pW)4re-'"^a 
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useful introduction to the study of NUtursil 
History; the pursuit of which will be fouiid* 
not only to supply inexhaustible sources^ of 
intellectual gratification, but also to furUish, 
contemplative minds, a rich fi3untain of re^ 
ligious instruction. To render these benefits 
generally accessible, I have confined myself to 
such subjects as are adapted to every class of 
readers ; and, avoiding all unnecessary ex- 
tension of the field of inquiry, have wholly 
abstained from entering into historical ac- 
counts of the progress of discoveiy ; content- 
ing myself with an exposition of the present 
state of the science. I have also scrupulously 
refi*ained from treading in the paths, which 
have been prescribed to the other authors of 
these treatises ; and have accordingly omitted 
all consideration of the hand, the voice, thd 
chemical theory of digestion, the habits and 
instincts of animals, and the structures of 
antediluvian races ; the extent of the field 
which remained, and which, with these few 
exceptions, embraces nearly the whole of the 
physiology of the two kingdoms of natute, 



PREFACE^ 


XI 


already affording ample occupation for a sangle 
labourer. 

The catalogue of authors whose works have 
furnished me with tlie principal facts detailed 
in these volumes, is too long for insertion in 
tliis place. I have not encumbered the pages 
of the work by continual citations of authori- 
ties ; but have given references to them only 
when they appeared to be' particularly re- 
quisite, either as bearing testimony to facts 
not generally known, or as pointing out 
sources of more copious information. It may 
however be proper to mention, that I have 
more especially availed myself of the ample 
materials on Comparative Anatomy and 
Physiology contained in the works of Cuvier, 
Blumenbach, Carus, Home, Meckel, De 
Blainville, Latreille, and St. Hilaire, and in the 
volumes of the Philosophical Transactions, of 
the Memoires and Annales du Mus6um, and 
of the Annales des Sciences Naturelles. I 
should be ungrateful were I not also to ac- 
knowledge the instruction I have derived from 
my attendance on the lectures at tlie Royal 
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i College; iofi Swrgepns, delivered l8tteca88jffi%, 
4«ffieg years,, .by , th^ date ; Sir^jEw^ttrd 

Honie/i.,6w, Cooper, r^r;. I)awfe^ 

Bj'odie, Mr,., Gxeen, ,and<;Sir»»iCM«f 
; a»4 i^lso from those of BroleasOr GiSWPft, 
iat; the University of London. ^ i d r.c 
1 . ,I likewise to return wy thanks !fot .tho 
Ubedai smanner in wlxich the Board of .Cnrators 
of ti»e Hunterian Museum gave nne perjpisson 
to jtake such drawings of the prepars^tionsiit 
contains, as I might want for the illustration 
of this work ; and to Mr. Clift, the oonserva^ 
tor, and Mr. Owen, the assistant consorvaft*’ 
of the nmseum, for their obliging .assistanfefc 
on this occasion. Mere verbal description 
never convey distinct ideas of thc) fiwm fend 
structure of parts, unless aided by rftgar^i 
and, these I have accordingly introduced veby 
estiaasively in the course of the work.^^ ? tnTi ,4 
. Being compelled, from the , nature ,<o£ iB|f 


V 1-; 'lidn 

All the wood en^avings have been executed by Mr 


efrt' 9f|j 

Byfield, and the drawings for them were, for the most part, ^ made 
by a^istanee on' thia^A^d4}bli^*has4>een 
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t and iin's lo’-awid' tfedionsHaiiM 
litttigttiigt!'ifeir(3nml(^ution» to emipl«9y . fflaiiy 
•t?6Wfl.B"ofUGi4Ace, i haVe d^efen^ catSful td 4i- 
ihes tneanhig ' iot‘ edch %hen iiitW)- 
fdaeed : bat might frequently- happen that, 
on a subsequent ocourrenee, their significatitrti 
itihy iha-i^e been forgotten, the reader will 
'generally' find in the index, which* I have, 
with this view, made very copious^ a reference 
to'the passage where the term is explained. 

'• r beg> in this place, to express ray deep 
sense of the obligation conferred on me by 
Mr. Davies Gilbert, the late president 'of the 
Royal Society, to whose kindness I owe my 
feeing appointed to write this treatise, 
b if also* take this opportunity of conveying 
my* beet thanks to my friend and colleague, 
Mr/ Children, Of the British MusCura, for his 
kind assistance in revising the sheets whHe 
the Work was printing, and for bis many Viilu- 
able suggestions during its progress through 
t|ie press'. ” , ' ’ ' ' ^ 

Jk oa^logue of the wood engravings :has 
been subjoined ; and also a tabular View of the 
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classification of animals adopted by Cuvier 
in his “ Regne Animal,” with familiar ex- 
amples of animals included under each divi- 
sion ; both of which I conceived might prove 
useful for purposes of reference. The latter 
table is reprinted from that which I have 
given in my “ Introductory Lecture on Human 
and Comparative Physiology,” published in 
1826 , with only such alterations as were re- 
quired to make it correspond with the second 
and improved edition of Cuvier’s work. 



NOTICE. 


The series of Treatises, of which the present is one, is 
published under the following circumstances : 

The Right Honouuable and Reverend Francis 
Henry, Earl of Bridgewater, died in the month of 
February, 1829 ; and by his last Will and Testament, bear- 
ing date the 25th of February, 1825, he directed certain 
Trustees therein named to invest in the public funds the 
sum of Eight thousand pounds sterling; this sum, with 
the accruing dividends thereon, to be held at the disposal 
of the President, for the time being, of the Royal Society 
of London, to be paid to the person or persons nominated 
by him. The Testator further directed, that the person or 
persons selected by the said President should be appointed 
to write, print, and publish one thousand copies of a work 
On the Power, Whdorn, and Goodness of God, as mani^ 
fested in the Creation; illustrating such work bij all reason- 
able arguments, as for instance the varieti/ and formation of 
God's creatures in the animal, vegetable, and mineral king- 
doms ; the effect of digestion, and thereby of conversion ; 
the construction of the hand of man, arid an infinite variety 
of other arguments; as also by discoveries ancient and 
modern, in arts, sciences, and the whole extent of literature. 
He desired, moreover, that the profits arising from the sale 
of the works so published should be paid to the authors of 
the works. 
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Esq. requested the assistance of his fSrace the Awsh bishop 
of Canterbury and of the Bishop of London, in determining 
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currence of a nobleman immediately connected with the 
deceSstsed, Mr. Davies Gilbert appointed tlie f6l!b^inVfei|'ht 
gentlemen to write separate Treatises on the di^ent 
branches of the subject as here stated : 
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INTELLECTUAL CONSTITUTION OF MAN. 


JOHN KIDD, M.D. F.R.S. 

Kkoiua PBOFEaaOK op medicine in the UNIVEReiTV OP OXFORD. 

ON THE ADAPTATION OF EXTERNAL NATURE TO THE 
PHYSICAL CONDITION OF MATV. 


THE REV. WILLIAM WHEWELL, M. A. F.R.S. 

FELLOW OF TRINITY COLLEIGE, CAMBKIDOE. 

ASTRONOMY AND GENERAL PHYSICS CONSIDERED WITH 
REFERENCE TO NATURAL THEOLOGY. 


SIR CHARLES BELL, K. G. H. F.R.S. L. & £. 
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ANIMAL AND VEGETABLE 


PHYSIOLOGY. 


INTRODU( TIOIN. 

Chapter 1 . 

Final Causes. 

To investigate the relations which connect Man 
with his Creator is the noblest exercise of human 
reason. The Being who bestowed on him tliis 
faculty cannot but liave intended that he should 
so exercise it, and that he should acquire, 
through its means, some insight, however li- 
mited, into the order and arrangements of 
creation ; some knowledge, however imperfect, 
of the divine attributes ; and a distinct, though 
faint, perception of the transcendent glory with 
which those attributes are encompassed. To 
Man have been revealed the power, the wisdom, 
and the goodness of God, through the medium 
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of the Book of Nature, in the varied pages of 
which they are inscribed in indelible characters. 
On Man has been conferred the high privilege 
of interpreting these characters, and of deriving 
from their contemplation those ideas of grandeur 
and sublimity, and those emotions of admiration 
and of gratitude, which elevate and retine the 
soul, and transport it into regions of a purer and 
more exalted being. 

A study which embraces so extensive a range 
of objects, and which involves questions of such 
momentous interest to mankind, must necessarily 
be arduous, and requires for its successful pro- 
secution the strenuous exertions of the human 
intellect, and the combined labours of different 
classes of philosophers, during many ages. The 
magnitude of the task is increased by the very 
success of those previous efforts : for the diffi- 
culties augment as the objects multiply, and the 
eminence on which the accumulated knowledge 
of centuries has placed us only discloses a wider 
horizon, and the prospect of more fertile regions 
of inquiry ; till at length the mind, conscious of 
the inadequacy of its own powers to the compre- 
hension of even a small part of the system of the 
universe, is appalled by the overwhelming con- 
sideration of the infinity that surrounds us. The 
reflection continually presents itself that the 
portion of creation we are here permitted to 
behold is as nothing when compared with the 
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immensity of space, which, on every side, spreads 
far beyond the sphere of our vision, and indeed 
far beyond the powers of human imagination. 
Of the planetary system, which includes this 
earth, our knowledge is almost entirely limited 
to the mathematical laws that regulate the mo- 
tions of the bodies which compose it, and to the 
celestial mechanism which i)atient investigation 
has at length discovered to be that most admi- 
rably calculated to preserve their harmony and 
maintain their stability. Stilt less have we the 
means of penetrating into the remoter regions of 
the heavens, where the result of our investiga- 
tions respecting the myriads of luminous bodies 
they contain amounts to little more than the 
knowledge of their existence, of their countless 
numbers, and of the immeasurable distances at 
which they are dispersed throughout the bound- 
less realms of space. 

Measured on tlie vast scale of the universe, 
the globe we inhabit appears but as an atom ; 
and yet, within the compass of this atom, what 
an inexhaustible variety of objects is contained : 
what an endless diversity of phenomena is pre- 
sented ; what wonderful changes are occurring 
in rapid and perpetual succession ! Throughout 
the whole series of terrestrial beings, what stu- 
died arrangements, what preconcerted adapta- 
tions, what multiplied evidences of intention, 
what signal proofs of beneficent design exist to 



4 


FINAL CAUSES. 


attract our notice, to excite our curiosity, and to 
animate our inquiries. Splendid as are the mo- 
numents of divine power and wisdom displayed 
throughout the firmament, in objects fitted by 
their stupendous magnitude to impress tJie ima- 
gination and overpower us by their awful gran- 
deur, not less impnissive, nor less replete with 
wonder, are the manifiistations of those attribufi's 
in the minuter portions of nature, which are 
more on a level ■with our senses, and more Muthiii 
the reach of our comprehension. The modern 
improvements of optical science, which have 
expanded our prospects into the more distant 
regions of the universe, have likewise brought 
within our range of vision the more diminutive 
objects of creation, and have revealed to us 
many of the secrets of their structure and ar- 
rangement. But, farther, our reason tells us 
that, from the infinite divisibility of space, there 
still exist worlds far removed from the cogni- 
zance of every human sense, however assisted 
by the utmost refinements of art ; worlds occu- 
pied by the elementary corpuscles of matter, 
composing, by their various configurations, sys- 
tems upon systems, and comprising endless 
diversities of motions, of complicated changes, 
and of widely extended series of causes and 
effects, destined for ever to remain invisible to 
human eyes, and inscrutable to human science. 

Thus, in whatever field we pursue our in- 



quiries, we are sure to arrive at boundaries 
within which our powers are circumscribed. Infi- 
nity meets us in every direction, whether in the 
ascending or descending scale of magnitude ; 
and we feel the impotence of our utmost 
efl'orts to fathom the depths of creation, or to 
form any adequate conception of that supreme 
and Dominant Intelligence, which comprehends 
the whole chain of being extending from that 
which is infinitely small to that which is infi- 
nitely great. 

It is incumbent on us. before engaging in a 
study of sm-h vast importanc<', and extending 
o\er so wide a field as that which lies before us, 
to examine with attention tlu? nature of those 
processes of reasoning, by Mhich wc- are con- 
ducted to the knowledge of tlu^ ])cculiar class of 
truths we are seeking. Such a preliminary 
inquiry is the more necessary, inasmuch as the 
investigation of these truths is beset m ith many 
formidable difficulties and liable to A'arious 
sources of fallacy, which are not met v ith in the 
study of other departments of philosophy. 

The proper objec ts of all human knowledge 
are the' relations that exist among the phenomena 
of which the mind has cognizance. The pheno- 
mena of the universe may be viewed as con- 
nected with one another either by the relation of 
cause and effect, or by that means and end; and 
accordingly these two classes of relations give 
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> and are necessarily restrained within certain- 
limits, which they never can exceed, and by 
which the permanence of the system is effectu- 
ally secured. All the terrestrial changes de- 
pendent on these motions partake of the same 
constancy. The same periodic order governs 
the succession of day and night, the rise and 
fall of the tides, and the return of the seasons : 
which order, as far as we can perceive, is inca- 
pable of being disturbed by any existing cause. 

Equally definite are the operations of the 
forces of cohesion, of elasticity, or of whatever 
other mechanical powers of attraction or repulsion 
there may be, which actuate, at insensible dis- 
tances, the particles of matter. We see liquids, 
in obedience to these forces, collecting in spheroi- 
dal masses, or assuming, at their contact with 
solids, certain curvilinear forms, which are sus- 
ceptible of precise mathematical determination. 
In different circumstances, again, we behold 
these particles suddenly changing their places, 
marshalling themselves in symmetric order, and 
constructing by their union solid crystals of de- 
terminate figure, having all their angles and 
facets shaped with mathematical exactness. 

The forces by which dissimilar particles are 
united into a chemical compound have been 
tenned Chemical Affinities ; and the operation of 
these peculiar forces is as definite and determi-. 
pable as the former. They me now known to be 
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regulated by the law of definite proportions; 
a law, the discovery of which has conferred on 
Chemistry the same character of precision which 
appertains to the exact sciences, and which it 
had never before attained. The phenomena 
of Light, of Heat, of Electricity, and of Magnet- 
ism have been, in like manner, reduced to laws 
of sutficient simplicity to admit of the applica- 
tion of mathematical reasoning, and to furnish 
the accurate results derived from such applica- 
tion. 

Thus to whatever department of physical 
^science our researches have extended, we every 
where meet v ith the same regularity in the phe- 
nomena, the same simplicity in the laws, and 
the same uniformity in the results. All is 
strictly defined, and subjected to rigid rule : all 
is subordinate to one pervading principle of 
order. The great Creator of the universe has 
exercised in its construction the severest and 
most refined geometry, has traced with unerring 
precision the boundaries of all its parts, and 
has prescribed to each element and each power 
its respective sphere and limit. 

Far different is the aspect of living Nature. 
The spectacle here offered to our view is every 
where characterised by boundless variety, by 
inscrutable complexity, by perpetual mutation. 
Our attention is solicited to a vast multiplicity of 
objects, curious and intricate in their mechanism. 
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exhibiting peculiar movements, actuated by 
new and unknown powers, and gifted with high 
and refined endowments. In place of the simple 
< combinations of elements, and the simple pro- 
perties of mineral bodies, all organic structures, 
even the most minute, present exceedingly corn- 
's^ plicated arrangements, and a prolonged succes- 
sion of phenomena, so varied and so anomalous, 
as to be utterly irreducible to the known laws 
which govern inanimate matter. Let us hasten, 
with fresh ardour, to explore this new world 
that here opens to our view. 

Turning, then, from the examination of the’t 
passive objects of the material world, we now di- 
rect our attention to the busy theatre of animated 
existence, where scenes of wonder and enchant- 
ment are displayed in endless variety around us; 
where life in its ever-changing forms meets the 
eye in every region to which our researches caai 
extend; and where every element and every 
clime is peopled by multitudinous races of sensi- 
tive beings, who have received from the boun- 
teous hand of their Creator the gift of existence 
and the means of enjoyment. Our curiosity is 
powerfully excited by phenomena in which our 
own welfare is so intimately concerned, as are 
all those that relate to animal life; and we 
cannot but take a lively and sympathetic interest 
in the history of beings in many respedts so 
ancdogotvs to ourselves like us poss^ing powers 
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of spontaneous action, impelled by passiom and 
desires, and endowed with capacities of enjoy- 
ment and of suffering. Can there be a more 
gratifying spectacle than to see an animal in the 
full vigour of health, and the free exercise of its 
powers, disporting in its native element, revelling 
in the bliss of existence, and testifying by its 
incessant gambols the exuberance of its joy ? 

We cannot take even a cursory survey of the 
host of living beings profusely spread over every 
portion of the globe without a feeling of pro- 
* found astonishment at the inconceivable variety 
?bf forms and constructions to which animation 
has been imparted by creative power. What 
can be more calculated to excite our wonder 
than the diversity exhibited among insects, all 
of which, amidst endless modifications of shape, 
still preserve their conformity to one general 
plan of construction? The number of distinct 
species of insects already known and described 
cannot be estimated at less than 100,000 ; and 
every day is adding to the catalogue.* Of the 
comparatively large animals which live on land, 
how splendid is the field of observation that lies 
open to the naturalist ! What variety is conspi- 
cuous in the tribes of Quadrupeds and of Rutiles ; 

* :Four-fifth$ of the insects at present known have l^en dis- 
covered within the last ninety years: for in 1743, Ray estimated 
the total number of species at 20,000 only. See his work on 
“ The wisdom of God as manifested in the Creation/^ p, 24* 
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aad what endless diversity exists in their habits, 
purauits, and characters ! How extensive is the 
study of Birds alone ; and how ingeniously, if 
we may so express it, has nature interwoven in 
their construction every possible variation com- 
patible with an adherence to the same general 
model of design, and the same ultimate reference 
to the capacity for motion through the light 
element of air. What profusion of being is 
displayed in the wide expanse of the ocean, 
through which are scattered such various and 
such unknown multitudes of animals ! Of Fishes 
alone the varieties, as to conformation and en- 
dowments, are endless. Still more curious and 
anomalous, both in their external form, and 
their internal economy, are the numerous order’s 
of living beings that occupy the lower divisions 
of the animal scale ; some swimming in countless 
myriads near the surface ; some dwelling in the 
inaccessible depths of the ocean : some attached 
to shells, or other solid structures, the produc- 
tions of their own bodies, and which, in process 
of time, form, by their accumulation, enormous 
submarine mountains, rising often from un- 
fathomable depths to the surface. What sublime 
views of the magnificence of creation have been 
disclosed by the microscope, in the world of 
infinite minuteness, peopled by countless multi- 
tudes of atomic beings which animate almost 
every fluid iit nature? Of these, a vast variety 
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of species has been discovered, each animalcule 
being provided with appropriate oi^ns, endowed 
with spontaneous powers of motion, and giving 
unequivocal signs of individual vitality. The 
recent observations of Professor Ehrenberg have 
brought to light the existence of Monads, which 
are not larger than the 24,000th of an inch, and 
which are so thickly crowded in the fluid as to 
leave intervals not greater than their own dia- 
meter. Hence he has made the computation 
that each cubic line, which is nearly the bulk of 
a single drop, contains 500,000,000 of these 
monads, a number which equals that of all the 
human beings existing on the surface of the 
globe. 

Thus, if we review every region of the globe, 
from the scorching sands of the equator to the 
icy realms of the poles, or from the lofty moun- 
tain summits to the dark abysses of the deep ; if 
we penetrate into the shades of the forest, or into 
the caverns and secret recesses of the earth; 
nay, if we take up the minutest portion of stag- 
nant water, we still meet with life in some new 
and unexpected form, yet ever adapted to the 
circumstances of its situation. Wherever life 
can be sustained, we find life produced. It 
would almost seem as if Nature* had been thus 

* In order to avoid the too frequent, and consequently irre- 
verent, introduction of the Great Name of the Supreme Being 
into familiar discourse on the operations of his power, I have. 
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latish and sportive in her productions with the 
intent to demonstrate to Man the fertility of her 
resources, and the inexhaustible fund from 
which she has so prodigaUy drawn forth the 
m^ns 'requisite for the maastenance of • all these 
divereified co«Bbinatk>iis, >for their rep«^»tioti‘ tfi 
endless' perpetuityj and for their subdrdihatioh 
to one harmonious scheme »6fg'^eral godd. * ' * • ' 
The vegetable world is no less prolific ih 
wonders than the animal. In this,' as in all 
other parts of creation, ample scope is found 
for the exercise of the reasoning faculties, and 
at the same time abundant sources are supplied 
of intellectual enjoyment. To discriminate the 
different characters of plants, amidst the infinite 
diversity of shape, of colour, and of structure, 
which they offer to our observation, is the labo- 
rious, yet fascinating, occupation of the Botanist. 
Here, also, we are lost in admiration at the never- 
ending variety of forms successively displayed to 
view in the innumerable species which compose 
this kingdom of nature, and at the energy of 
that veg^ative power, which, amidst such great 
differences of situation, sustains the modified life 
of each individual plant, and which continues its 
species in endless perpetuity. Wherever circum- 

throughout this Treatise, followed the common usage of employ- 
ing the term Nature an a synonym, expressive erf the same 
power, but veiling from our feeble sight the too dazzling splen- 
dour of {ts glory. 
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stances are compatible with vegetable existence, 
we there find plants arise. It is well known 
that>» in all places where vegetajdon has been 
established, the germs are so intermingled with 
the ,hoil»: that wheneTer the earth is tnmed np, 
even Jmm rCOBsi^nral^n d^ths, and exposed 
the plants are soon observed to sfring, aa il 
they had been recently sown, in consequence ^ 
the germination of seeds which had remained 
latent and inactive during the lapse of perhaps 
many centuries. Islands formed by cwal reefs, 
which have risen above the level of the sea, 
become, in a short time, covered with verdure. 
From the materials of the most sterile rock, and 
even from the yet recent cinders and lava of the 
volcano. Nature prepares the way for vegetable 
existence. The slightest crevice or inequality is 
suthcient to arrest the invisible germs that are 
always floating in the air, and affords the means 
of sustenance to diminutive races of lichens and 
mosses. These soon overspread the surface, and 
are followed, in the course of a few years, by 
successive tribes of plants of gradually increasing 
size and strength; till at length the island, or 
other favoured spot, is converted into a natural 
and luxuriant garden, of which the productions, 
rising from grasses to shrubs and trees, present 
all the varieties of the fertile meadow, the tangled 
thicket, and the widely spreading forest. Even 
in the desert plains of the torrid zone, the eye of 
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tjke traveller is often refreshed by the appearance 
of a few hardy plants, which find sufficient ma- 
terials for their growth in these arid regions : 
and in the realms of perpetual snow which sur- 
round the poles, the navigator is occasionally 
startled at the prospect of fields of a scarlet hue, 
the result of a wide expanse of microscopic ve- 
getation.* 

But whatever charms the naturalist may find 
in the occupations in which he is engaged, and 
however wide may be the field of his exertions, 
they still are insufficient to satisfy the more 
enlarged curiosity of a philosophic mind. The 
passive emotion of astonishment, in which in- 
ferior intellects are content to rest, serves but to 
awaken, in him who has learned to think, a 
desire of further knowledge. Filled with an 
ardent spirit of inquiry, he cannot but be impa- 
tient under the feeling that, while Nature has 
placed before his eyes this splendid spectacle of 
animation, she has thrown a dense veil over the 
interior machinery of life, and has concealed 
from his view the springs by which she sets 
it in motion. With the hope of discovering her 


* The red snow, discovered in Baffin’s Bay on the 17th of 
August, 1818, during the Northern Expedition, under the com- 
mand of Captain Ross, was found to owe its colour to minute 
fungi, or microscopic mushrooms, which vegetate on the surface 
of snow, as their natural abode. See Phil. Trans, for 1820, 
n. 165, 
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proceediBgs, life to explferfe the fee^ral 

'j^utta compose the ferganized fabric, to 

examine in minat© detail the anatomy of its strac- 
ture, and to ascertain the nature of the several 
actions that take place within it. But, over- 
whelmed by the multiplicity of objects, and lost 
amidst the complication of phenomena, he soon 
becomes dismayed by the magnitude and ar- 
duous nature of the investigation. He finds 
that his labours will be of no avail, unless, 
previously to any attempt at theory, he takes a 
careful and accurate account of all the circum- 
stances attending the history and conditions of 
life, from the dawn of its existence to its ap- 
pointed close. On tracing living beings to their 
origin, he learns that every individual vegetable 
and animal takes its rise from an atom of imper- 
ceptible minuteness, and gradually increases in 
bulk by successive accretions of new matter, 
derived from foreign sources, and, by some re- 
fined, but unknown process, transmuted into its 
own substance. Then, following the progressive 
developement of the organs, he observes them 
undergoing various modifications, as they are 
assuming new forms, which characterise certain 
definite epochs in the general growth of the 
system. In a great number of instances, espe- 
cially among the lower orders of animals, he 
witnesses the same individual being acting, in 
its time, a variety of different parts ; often re-ap- 

VOL. I. c 
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^be-pei3iod length arriv<^ wbw anwaj^ 
luiyie^icaiapt^ed its growlb^ (attains tiie ptatn^ 
•itif of its being, abd acqiiirep tbe ftdi possesion 
^Jts powei». Every organ in snccession has 
jeediyed its entire developemenf, and has united 
<» eneigies witJh those which had been before 
perfected. Yet, however complete the arrange- 
aents that have thus been established, it is still 
lecessary, in order to preserve the whole system 
’jtt a state in which it may he capable of exer- 
cising the functions of life, that the materials 
which cmnpose its fabric should undergo a cer- 
tain slow, but constant renovation; and the 
same circle of actions and reactions, which have 
brought it to its state of perfection, must con- 
tinue to be repeated, in order that a due propor- 
tion may be maintained between the consump- 
tiwi and the supply of these materials. In the 
course of a certain time, however, even under 
the m<»t favourable circumstances, this equili- 
brium begins to fail : the energies of the system 
decline: and the processes of nutrition a^e in- 
sufficient to. repair the waste in the substance of 
the body. The fluids are dissipated fester thap 
they can be renewed; the channels through 
which fliey circulate are more and more ob- 
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and 'tli^ Bp^g^ Mv^ Idst foiK^i'«^ 
ih thfei aniwal body, iit a*n adiwMiced ager Mie 
siiightest additiobai impedimeoit that occurs* ^tll 
stop the movements of the Whole sy^emr and, 
when once stopped, their renewal is impossible. 
Nature has thus assigned to every living being a 
certain period as the utmost extent of its dura- 
tion. Even when exempt from external inter*? 
ference, all are doomed to perish, sotaier or 
later, by the slow but unerring operation of the 
same internal causes which originally effected 
their developement and growth, and which are 
inseparably interwoven with the conditions of 
their existence. 

Numerous, however, are the extraneous and 
accidental causes that may hasten or precipitate 
their destruction, long before the period of natural 
decay. How striking is the contrast, on those 
occasions, between the scene we have just beheld 
of an animal in the full vigour of its powers, 
either rapidly bounding across the plain, or glid- 
ing beneath the wave, or soaring in the elevated 
regions of air, and the spectacle of the same 
animal lying, the next moment, extended at bur 
feet, bereft at once of activity and of sense*^ 
of all the faculties and powers that constitute 
life. Gan we contemplate without amazement 
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80 complete and instantaneous a change ; so 
sudden and awful a catastrophe ? Must we not 
be animated by an eager desire to penetrate so 
great a mystery, and resolve the many questions 
which so striking a phenomenon must naturally 
suggest '? What, we are led to ask, is the nature 
of this extraordinary revolution, extending over 
the whole of that frame which had so long de- 
lighted the eye by its beauty, and producing 
this sudden and irretrievable extinction of the 
powers of life? How comes it that all those 
mighty energies which the animal had so lately 
displayed, and which had called forth our 
admiration, perhaps even excited our envy, are 
at once and for ever annihilated? What was 
the bond, thus suddenly dissevered, Avhich held 
together the various parts of that compound 
frame ? What potent spell has been dissolved, 
W'hich could retain in combination for so long a 
period the multifarious elements of that exquisite 
organization ; and from the control of which 
being now released, these elements hasten to 
resume their wonted attractions, and entering 
into new forms of combination, are scattered into 
dust, or dissipated in air, leaving no trace of 
their former union ? What mechanism has been 
employed in its construction? What refined 
chemistry has been exerted in assimilating new 
particles of matter to those previously organized, 
and in appropriating them to the nourishment of 
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the parts* with which they became ideatified l 
By what transcendent power, above all, did this 
assemblage of material particles first become 
animated by the breath of life ; and from what 
elevated source did they derive those higher 
energies, apparently so foreign to their inherent 
properties, and investing these once lifeless and 
inert materials with the exalted attributes of 
activity, of sensation, of perception, of intelli- 
gence? Shall we ever comprehend the nature 
of this subtle and pervading principle, by the 
agency of which all these wonderful phenomena 
of life are produced, and which, combining into 
one harmonious system so many heterogeneous 
and jarring elements, has led to the formation 
of this exquisite frame, this elaborate machine, 
this miraculous assemblage of faculties ? 

The discovery of a clue, if any such can be 
found, to the mazes of this perplexing labyrinth 
can be hoped for only from the successful cul- 
tivation of the science of physiology. But be- 
fore engaging in this arduous study, we ought 
previously to inquire into the methods of reason- 
ing by which it is to be conducted. 

The object of physiology is, by the diligent 
examination of the phenomena of life, to ascer- 
tain the laws which regulate those phenomena, 
both as they apply to the individual beings en- 
dowed with life, and also as they relate to the 
various assemblages that constitute the species, 
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the genera, the families, the orders, and the classes 
of those beings ; and, lastly, as they concern the 
whole collective union of the organized world. 
These peculiar laws, which it is the province 
of physiology to investigate, are, as I have 
before observed, of two kinds, each founded 
upon relations of a different class. The first, 
which depend upon the simple relation of cause 
and effect, are concerned merely with the natural 
powers of matter. They are the laws that 
regulate the succession of phenomena purely 
physical in all their stages. 'Hiese phenomena 
consist in changes among material particles, 
which are either of a mechanical or chemical 
fiaftire ; or ‘in the* afifectiotts of imponderable 
physical agents, such as heat, l^ht,' electrici^, 
and ma^etiMU ; and th^ ‘ include also the 
phenofin^a that tkke place in m^nized bodiefS, 
and which are referable to the operation- of 
tain physical powers, appertaining to parfieulat* 
structures, such as muscular contraction and 
nervous irritation; phenomena which, as we 
shall affertvards find, are not reducible to any 
of the former laws, but are peculiar to the living 
state. The recond cdaSs of laws' comprise those 
which are founded on the relation of means to an 
end; and which are uswally denominated 
causes. They involve the operations of'mihd, in 
conjunction with those of matter. They pre- 
^lUppose intention or design ; a SUppOsitiOnw^hich 
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implies intelligence, thought, motives, volition,— 
particular purposes to be answered, requiring the 
agency of powers and of instruinents adapted to 
the production of the intended effects: — the 
knowledge of the properties of matter, the selec- 
tion and choice of particular means, and the 
power of employing them in mi effective manner. 
These purposes may themselves be subservient 
to more general objects, and these objects again 
subordinate to remoter ends ; so that the whole 
shall comprehend a systematic plan of operations, 
conducive, on the most enlarged views, to ulti- 
mate and general utility. 

The study of these final causes is, in some 
measure, forced upon our attention by even the 
nu^t superficial survey of nature. It is im- 
possfi^e not to recognise the character :of inten- 
tion, which is So indelibly im|nressed upon etei^ 
part of the structure both of v^table md animal 
beings, And which marks the whtde series of 
phen<miena connected with their history. Mi- 
croscopic Observations teach us that the embryo 
of an organic being contains within itself the 
rudhnents of the futme Testable or animad 
structure, into Which it is gradually transformed 
by the sldw and successive expansion and de- 
veiopeiaeat of ail its parts. The processes of 
nutrition do notthing more than fill up the out- 
lines already sketched on the living canvass. 
Every organ, nay every fibre, resulting from 
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tins . developenieat, c<>nt.ribtttes its diare ia the 
production of oertain :definito effects, which we 
constantly witness taking place around us, as 
well as experience in our own persons. But 
these effects, though so familiar to us, are not on 
that account the less involved in mystery, or the 
less replete with wonder. To say that they are 
the results of chance conveys no information ; 
and is equivalent to the assertion that they are 
wholly without a cause. Every one who is ac- 
custmned to reflect upon the operations of his 
own mind must feel that such a conclusion is 
contrary to the constitution of human thought; 
for if we are to reason at all, we can reason only 
upon the principle that for every effect there 
must exist a corresponding cause ; or, in other 
words, that there is an established and invariable 
order of sequence among the changes which take 
place in the universe. 

But though it be granted that all the pheno- 
mena we behold are the effects of certain causes, 
it might still be alleged, as a bar to all further 
reasoning, that these causes are not only utterly 
uuknown to us, but that their discovery is wholly 
beyond the reach of our faculties. The argu- 
mait is specious only because it is true in one 
particular sense, and that a very limited one. 
Those who urge it, do not seem to be aware that 
its general application, in that very same sense. 
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would shako the foundation of every kind of 
knowledge, even that which we regard as built 
upon the most solid basis. Of causation, it is 
agreed that we know nothing ; all that we do 
know is, that one event succeeds another with 
undeviating constancy. Now, if we were to 
probe this subject to the bottom, we should find 
that, in rigid strictness, we have no certain 
knowledge of the existence of any thing, save 
that of the sensations and ideas which are 
actually passing in our minds, and of which we 
are necessarily conscious. Our belief in the 
existence of external objects, in their undergoing 
certain changes, and in their possessing certain 
physical properties, rests on a different founda- 
tion, namely, the evidence of our senses ; for it 
is the result of inferences which the mind is^ by 
the constitution of its frame, necessarily led to 
form. We may trace to a similar origin the 
persuasion, irresistibly forced upon us, that there 
exist not only other material objects beside our 
own bodies, but also other intellectual beings 
beside ourselves. We can neither see nor feel 
those extraneous intellects, any more than we 
can see or feel the cause of gravitation, or the 
subtle sources of electricity or magnetism. We 
nevertheless believe in the reality both of the one 
and of die other ; but it is only because we infer 
their existence from particular trains of impres- 
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ai&a6 'BsadiB oar lexises, of wbich iin{ii«es8k^ 

Hme #m'!knWiedge €m, in metnpbysiodt striti-' 
ttiB6»,*>t^4ianmled'&ertiaav ’ ‘'‘if 

f' Upen'fwliGtfe'evidenot do l'<soiiohiile4luilfiiiiaft 
n 0 t)« soAiflury btmg iA tbo' umvefse ; thal ali k 
fl6t oenteifM in myeetf ; bnt thint; thu^ exist otiifet 
intdieets similar to my own f < Uksioulitedly no 
o^r tban Uie obserratkm that certmii ed^ots cue 
produeed^ 'whieii the expaiencO I hate kad of the 
opetatioiis of ray own mind lead me, fey an ine^- 
fflfrtifele analogy, to ascribe to a similar agency, 
eraanatihg from other beings ; beings, however, 
of whose actual intellectual presence I cannot be 
conscious, whose nature I cannot &thom, whose 
essence I cannot understand. I can judge of 
the operations of other minds only in as far as 
those (^rations abcord with what has passed 
in my own. I cannot divine processes of thought 
to which mine have borne no resemblance, I 
cannot appreciate motives of which I have never 
felt the influence, nor comprehend the force 
of passions never yet awakened in my breast : 
neither can I picture to myself feelings to which 
no sympathetic chord within me has ever vi- 
brated. 

Our own intelligence, our own views, and our 
ewn affections, then, furnish the only elements 
by which it is possibk for us to estimate the 
analogous powers and attributes of other minds. 
The difficulty of applying this scale of measure- 
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«£ mAfSBi iubcmiee in propoFli^ to the 
the objedB «boni^}a]!ed; 

ahih(m^ we may e<mceiTe that thalm »te powt^ 
fti»l I iab^tt^|ei£Oes $ i»d&aitely 
t^ef tccmciepciona rtm eah 
ediBifo^ most ktoeea^atly be'-Me&^yie >aa^ 
mm^^- and SBQlt J^itake of the^saiae kkd of 
impearfeoticm as onr notko^ of Ihe distadcea of 
the h^^Oniy bodies, howevcar £amliar> we may 
be with the nnits Of the scale by which those 
distances are capable of being expressed. When, 
on the other hand, the objects contemplated are 
nttore within the range of oiw mental vision; 
when, for instance, they are phenomena that we 
can assimilate to our own voluntary acts, and in 
which we can clearly trace the connexion be- 
tween means and end, then does our recognition 
of the agency of intellect become most distinct, 
and OUT conviction of its real and independent 
existence become most intimate and assumd. 

Such is the kind of evidence on which rests our 
belief of the existence of our fellow men. Such, 
also, is the foundation of our assurance that 
there exists a mighty Intellect, who has planned 
and executed the stupendous works of creation, 
with a skill surpassing our utmost conceptions ; 
by powers to which we can assign rm limit, and 
the object of whose will is universal good.* 

* view here taken is, of course, limited to I'falumf Theology ; 

thii beiiig ihh express and exdusire ^ject of th^se TVeatisSs» 
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3 It will itfgue no undue presumption, therefore, 
if, in our earnest endeavours to form just ideas of 
the attributes of the Deity from the examination 
c£ nature, we are led to institute comparisons 
between His works and those of man ; and strive 
to gather some faint notions of the divine intelli- 
gence by applying the only standard of admea- 
surement which we possess, and are permitted to 
employ, namely, that derived from the operations 
of human intellect. Our interpretations of the 
designs of the Creator must here be obtained 
through the medium of human views; and our 
judgment of His benevolence can be forme? 
only by reference to our own affections, and by 
their accordance with those ardent aspirations 
after good, which the Author of our being has 
deeply interwoven with our frame. 

The evidence of design and contrivance in the 
works of nature carries with it the greatest force 
whenever w e can trace a coincidence between 
them and the products of human art. If in any 
unknown region of the earth we chanced to 
discover a piece of machinery, of which the 
purpose was manifest, we should not fail to 
ascribe it to the workmanship of some me- 
chanist, possessed of intelligence, actuated by 
a motive, and guided by intention. Farther, if 
we had a previous experience of the operation of 
similar kinds of mechanism, we could not doubt 
that the effect we saw produced was the one 
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intended by the artificer. Thus, if in an unex- 
plored country, we saw, moving upon the waters 
of a lake, the trunk of a tree, carved into the 
shape of a boat, we should immediately conclude 
that this form had been given to it for the pur- 
pose of enabling it to float. If we found it also 
provided with paddles at its sides, we should 
infer, from our previous knowledge of the effects 
of such instruments, that they were intended to 
give motion to this boat, and we should not 
hesitate to conclude that the whole was the work 
of human hands, and the product of human 
intelligence and design. If, in addition, we 
found this boat furnished with a rudder and with 
sails, we should at once understand the object of 
these contrivances, and our ideas of the skill of 
the artificer would rise in proportion to the ex- 
cellence of the apparatus, and the ingenuity 
displayed in its adaptation to circumstances. 

Let us suppose that in another part of this 
lake we found an insect,* shaped like the boat, 
and moving through the water by successive 
impulses given to that medium by the action of 
levers, extending from its sides, and shaped like 
paddles, having the same kind of movement, and 
producing the same effects. Could we resist the 
persuasion that the Artificer of this insect, when 


* Such as the Notonecta glanca, Liu., or water boatman, and 
the Dytiscus marginalis, or water l>eetle. 
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fiMiining it of this shape, and ptovkling it with 
these paddles, had the same mechanical objects 
in view ? Shall we not be confirmed in this idea 
on finding that these paddles are constructed 
with joints, that admit of no other motion than 
fiiat of striking against the water, and of thus 
urging forwards the animal in its passage 
through that dense and resisting medium ? Many 
a(|uatic animals are furnished with tails which 
evidently act as rudders, directing the course of 
their progressive motion through the fluid. 
Who can doubt but that the same intention an^ 
the same mechanical principles which guide the 
practice of the ship-builder, are here applied in 
a manner still more refined, and with a master’s 
hand? If Nature has furnished the nautilus 
with an expansible membrane, which the animal 
is atle to spread before the breeze, when propi- 
tious, and by means of Avhich it is wafted along 
the surface of the sea, but which it quickly 
retracts in unfavourable circumstances, is not her 
design similar to that of the human artificer, 
when he equips his bark with sails, and provides 
the requisite machinery for their being hoisted 
or furled with ease and expedition ? 

The maker of an hydraulic engine places 
valves in particular parts of its pipes and cis- 
terns, with a view to prevent the retrograde 
motion of the fluids which are to pass through 
them. Can the valves of the veins, or of the 
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lymph^tic9, or of the heart have ^ different 
object : aod are they not the result of deliberate 
and express contrivance in the great Mechanist 
of the living frame ? 

The knowledge of the laws of electricity, in its 
ditferent forms, is one of the latest results which 
science has revealed to man- Could these laws, 
and tlieir various combinations, have been un- 
known to the Power who created the torpedo, 
and who armed it with an eimrgetic -galvanic 
battery, constructed upon the most refined scien- 
tific principles, for the manifest purpose of 
enabling the animal to strike terror into its 
enemies, and paralyse their efforts to assail it. 

Does not the optician, who designedly places his 
convex lens at the proper distance in a darkened 
box, for the purpose of obtaining vivid pictures 
of tlie external scene, evince his knowled^ of 
the laws of light, of the properties of refracting 
media, and of the refined combinations of those 
media by which each pencU is brought to a 
separate focus, and adjusted to form an image of 
remote objects? Does it not, in like manner, 
argue the most profound knowledge and foresight 
in the divine Artist, who has so admirably hung 
the crystalline lens of the eye in the axis of a 
spherical case, in the fore part of which He has 
made a circular window for the light to enter, 
and spread out on the opposite side a canvass to 
receive the picture 1 Has no thought been exer- 
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in darkening the uraiy of this cai^ej’a 
ohscura, and thus preventing all reflection of flie 
scattered rdys, that might interfere with the 
distinctness of the image ? 

But we farther observe in the eye many ex- 
quisite refinements of construction, by which 
various defects, unavoidable in all optical instru- 
ments of human workmanship, are remedied. 
Of this nature are those which render the organ 
achromatic, which correct the spherical aberra- 
tion, and which provide for the adjustment of 
its refracting powers to the different distances o|^ 
the objects viewed ; not to speak of all the 
external apparatus for the protection, the preser- 
vation, and the movements of the eye-ball, and 
for contributing in every way to the proper per- 
formance of its oflace. Are not all these irrefra- 
gable proofs of the continuity of the same design ; 
and are they not calculated still farther to exalt 
our ideas of the Divine Intelligence, of the 
elaborate perfection impressed upon His works, 
and of the comprehensive views of His pro- 
vidence ? 

These facts, if they stood alone, would be suffi- 
cient to lead us irresistibly to this conclusion ; 
but evidence of a similar kind may be collected 
in abundance from every part of living nature to 
which our attention can be directed, or to which 
our observations have extended. The truths 
they teach not only acquire confirmation by the 
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coiTobOTaliilg tendency of ^ch additi<mal feet 
of tjbe same description, but the multitude of 
these fects is so great, that the general conclu- 
sion to which they lead must be considered as 
indubitable. For the argument, as it has been 
justly remarked, is cumulative ; that obtained 
from one source being strengthened by that 
derived from another ; and all tending to the 
same conclusion, like rays converging to the 
same point, on which they concentrate their 
united powers of illumination. 

The more we extend our knowledge of the 
operations of creative pov’^er, as manifested in the 
structure and economy of organized beings, the 
better we become qualified to appreciate the inten- 
tions with which the several arrangements and 
constructions have been devised, the art with 
which they have been accomplished, and the 
grand comprehensive plan of which they form a 
part. By knowing the general tendencies of ana- 
logous formations, we can sometimes recognise 
designs that are but faintly indicated, and trace 
the links which connect them with more general 
laws. By rendering ourselves familiar with the 
hand-writing where the characters are clearly 
legible, we gradually learn to decypher the more 
obscure passages, and are enabled to follow the 
continuity of the narrative through chapters that 
would otherwise appear mutilated and defaced. 
Hence the utility of comprehending in our studies 

VOL. I. i> 
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the whole range of tkei organised creation, with a 
view to the discovery of final causes, and ob- 
taining adequate ideas of the power, the wisdom, 
and the goodness of Gk>d. 


Chapter II. 

The Functions of Life. 

The intentions of the Deity in the creation of 
the animal kingdom, as far as we are compet^t 
to discern or comprehend them, are referable to 
the following classes of objects. The first relates 
to the individual welfare of the animah em- 
bracing the whole sphere of its sensitive exis- 
teirce, and the means of maintaining the vitality 
upon which that existence is dependent. The 
second comprises the provisions that have been 
made for repairing the chasms resulting, in 
the present circumstances of the globe, from the 
continual destruction of life, by ensuring the mul- 
tiplication of the species, and the continuity of 
the race to which each animal belongs. The 
third include all those arrangements which 
have been resorted to in order to accomtnodate 
the system to the consequences that fidlow from 
an indefinite increase in the numbers of each 
species. The fqurth class relates to that syste- 
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matic eccmomy in the plans organiEation by 
which aJl the iormer objects are mo^ effectoally 
secured. I olFer some observations on 

each of these general heads of enquiry. 

With reference to the welfare of the individual 
animal, it is evident that in the brute creation, 
the great end to be answered is the attainment 
of sensitive enjoyment. To this all the arrange- 
ments of the system, and all the energies of its 
vital powers must ultimately tend. Of what 
value would be mere vegetative life to the being 
in whom it resides, unless it were accompanied 
by tlie faculty of sensation, and unless the sen- 
sations thence arising were attended with plea- 
sure ? It is only by reasoning analogically from 
the feelings we have ourselves experienced that 
we ascribe similar feelings to other sentient 
beings, and that we infer their existence from 
the phenomena which they present. Wherever 
these indications of feeling are most distinct, we 
find that they result from a particular organiza- 
tion, and from the affections of a peculiar part 
of that organization denominated the nei'vom 
substance. The name of brain is given to a par- 
ticular mass of this substance placed in the 
interior of the body, where it is carefully pro- 
tected from injury. 

The sensations, for exciting which the bmin is 
the material instriunent, or immediate organ, are 
the result of certain impressions made on par- 
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ticular parts of the body, and conveyed to that 
organ by the medium of filaments, composed of 
a similar substance, and termed nerves. In this 
way, then, it has been provided that a communi- 
cation shall be established between the sentient 
principle and the external objects, by which its 
activity is to be excited, and on which it is to be 
dependent for the elements of all its affections, 
both of sensation and of intellect. A con- 
siderable portion of this treatise will be occupied 
with the developement of the series of means 
by which impressions from external objects m!e 
made on the appropriate organs that are pro- 
vided to receive and collect them, so as not only 
to give rise to varied sensations, but also to 
convey a knowledge of the existent and dif- 
ferent qualities of the objects that produce them. 
This latter faculty is termed Perception. 

But in the formation of animals it was not the 
intention of Providence to endow them with 
the mere capacity of being affected by sur- 
rounding objects, and of deriving from them 
various sensations of pleasure and of pain, 
without granting them the power of controlling 
these effects, and of acting on those objects in 
retuni. The faculties of sensation and percep- 
tion, in beings destined to be merely pa^ive, 
and the sport of every contingent agency, would 
have been not merely useless, but even banehil 
endowments. The same beneficent power wh ich 
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has conferred these gifts has conjoined that of 
voluntary motion, by >vhich the animal may 
not only obtain possession of such objects as 
minister to its gratification, and reject those 
which are useless or hurtful, but may also move 
from place to place, and enlarge the sphere of 
its perceptions and of its power. The Same 
mass of nervous substance which, under the 
name of brain, we have recognised as the organ 
of sensation, is also, as will afterwards be shown, 
the organ of volition; and the medium, by 
which the cmnmands of the will are transmitted 
from the Imtin to the mechanical apparatus em< 
ployed for motion, is again certain filaments of 
nerves ; but these nervous filaments are distinct 
from those which are subservient to sensation. 

Next in importance, then, to the organs of 
sensation and perception, are those of Voluntary 
Motion^ They comprise two kinds of objects ; 
first, the establishment of a certain mechanism, 
having the cohesion, the strength, and the mo- 
bility r^uisite for the different actions which the 
animal is to perform; and, secondly, the pro- 
vision of a power, or agent, which shall be capable 
of supplying the mechanical force for setting this 
machinery in motion. With these objects must 
be combined various subsidiary arrangements 
relating to the connexions, the support, the pro- 
tection, and other mechanical conditions of the 
organs of the body. It will be convenient to 
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^l^{»relseiid these u^elr one gaieraii head, cjon*- 
^dating diem as edinposing the Meafumiml 
Fwtctwris of the animal economy. They will 
engage a considerable share of our attention in 
this work, as ailbrding the clearest and most 
palpable proofs of contrivance and design. 

From the peculiar conditions of the living 
body, not only with regard to the mechanical 
properties of its various parts, and the powers 
by which their movements are affected, but also 
with regard to the chemical laws which regulate 
the combinations of elements composing the 
substance of the body, there is required, as will 
be more fully explained in the sequel, a con* 
tiaual renovation of that substance. For this 
purpose new materials are perpetually wanted, 
and must be as regularly supplied. Hence 
arises a new class of functions, comprising a 
great extent of operations, opening a wide field 
of curious and interesting enquiry, and fur- 
nishing abundant evidence of the wise and bene- 
ficent operations of nature. These may be com- 
prehended under a separate class bearing the 
general title of Nutritive Functions. They are 
often, also, spoken of under the designation of 
the Vital Functions., from their more immediate 
relation to the continuance of vitality, that is, of 
mere vegetative life, as distinguished from the 
exercise of the higher faculties of sensation, per- 
ception, and voluntary motion, which are the 
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ultunalie «a}ti8 <)£ animai iexist^EKje, /which 
sura exnphaticaily termed the Animal Functioius. 

The Thai as well as the animal functhms 
require fcH* the executicm of their various objects 
certain instruments of an appropriate mecha* 
nical construction, adapted to those objects. To 
the contrivances of the mechanist must be added 
a refined hydraulic apparatus for the conveyance 
of tluids, and for the regulation of their move- 
ments; and with these must be conjoined the 
skilful combinations of the laboratory, by which 
the powers of the most subtle chemistry are 
exercised in effecting all the transmutations re- 
quired by this elaborate system of operations. 
As far as they involve mechanical principles, 
these objects again arrange tliemselves under 
the mechanical functions : and I shall accordingly 
include them under that head, when giving an 
account of this branch of the subject. 

There is another, and a most important conse- 
quence that flows from tlie peculiar chemical 
conditions of the materials of which animal 
structures are composed. The mode in which 
their elements are combined is so complex as 
to require a long and elaborate process to ac- 
complitdi that purpose ; and neither the organs 
with which anmials are furnished, nor the powem 
with which those organs are endowed, are ade- 
quate to the conversion of the materials furnished 
by the inorganic world into the substances re- 
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ifoc the tonsdtiction ^eirbodkUd, ati4 
ffee ju^uBtenance of their powers. These inor- 
ganic tdements must have passed through inter- 
maiiate stages of combination, and must have 
been previously elaborated by other organized 
beings. This important office is consigned to the 
vegetable kingdom. Receiving the simple food 
furnish«i by nature, which consists chiefly 
of water, air, and carbonic acid, together with a 
small proportion of other substances, plants con- 
vert these aliments into products, which not only 
maintain their own vitality, but serve the further 
purpose of supporting the life of animals. Thus 
was the creation and continuance of the vege- 
table kingdom a necessary step towards the 
existence of the animal world ; as well as a link 
in the great chain of being, formed and sustained 
by Almighty power. The Physiology of Vege- 
tables presents many topics of great interest with 
relation to final causes, and will in this Treatise 
be reviewed with special reference to this im- 
portant object. 

Nutrition, both in the vegetable and animal 
systems, comprises a very extended series of 
operations. In the former it includes the ab- 
sorption of the crude materials from the sur- 
rounding elements, — their transmission to organs 
where they are aerated, that is, subjected to the 
chemical action of the air ; — their circulation in 
the different parts of the plant, — their further 
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in paiticnlar vessels ami 
tacles— then* deposition of solid materials— *and 
their converaion into peculiar producte, as well 
as into the substances which compose the several 
organs ; — and, finally, the growth and develope- 
ment of the whole plant. Still more various 
and complicated are the corresponding functions 
in animals, Their objects may be arranged 
under the following general heads ; each, again, 
admitting of further subdivision. The first end 
to be accomplished is to animalize the food ; that 
is, to convert it into a matter having the chemical 
properties of the animal substances with which 
it is to be afterwards incorporated. The entire 
change thus effected is termed Assimilation, of 
which Digestion forms a principal part. The 
second object is to collect and distribute this 
prepared nutriment, which is the blood, to the 
different organs, or wherever it may be wanted. 
The necessary motions for these purposes are 
given to the blood by the organs of Circulation, 
consisting of the Heart, which impels it through 
a system of pipes called Arteries, and receives it 
back again by means of another set of tubes 
called Veins. In the third place it is necessary 
that the circulating blood should continually 
undergo purification by the chemical action of 
oxygen: a purpose which is answered by the 
function of Respiration. The fourth stage of 
nutrition relates to the more immediate appli- 
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oelioii of' this purified material to the wants of 
the system, to the extension of the oi^ans, to the 
leparation of their lof^s, and to the restoratioa 
of their exhausted powers. 

life, then, consists of a continued series of 
actions and reactions, ever varying, yet con- 
stantly tending to definite ends. Most of the 
parts of which the body consists undergo con- 
tinual and prc^ressive changes in their dimen- 
sions, figure, arrangement, and composition. 
The materials which have been united together 
and fashioned into the several organs, are them- 
selves successively removed and replaced by 
others, which again are, in their turn, discarded, 
and new materials substituted, though without any 
perceptible change of external form. Perpetual 
mutaticm appears to constitute the fundamental 
law of living nature ; and it has been further 
decreed by the power which gave the first im- 
pulse of airimation to this organized fabric, that 
its movements and its powers shall be limited in 
their duration, and that, even when they are not 
destroyed by extraneous causes, after continuing 
for a certain period, they sliall come to a close. 
The law of Mortality, to which all the beings 
that have received the gift of life are subjected, 
is a necessary consequence of tliie law of muta- 
tion ; and the same causes that originally efiected 
the developement and growth of the system, and 
maixdamed it in the vigour of its maturity, by 
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contiauing to operate, are certain to lead to the 
demolition of the fabric they had raised, and to 
the exhaustion and final extinction of its powers. 
The individual dies; but it is only to give place 
to other beings, alike in nature and in form, 
equally partaking of the blessings of existence, 
and destined, after having, in their turn, given 
rise to a new race of successors, to run through 
the same perpetual cycle of changes and reno- 
vations. 

Thus the continuance and multiplication of 
each species may be assigned as the second of 
the great ends which are to be accomplished in 
the system of living nature. A portion of the 
vital power of the parent is for this purpose em- 
ployed to give origin and birth to the offspring. 
The process itself, by which the germs of living 
beings originate, is veiled in the most impene- 
trable mystery. But we are permitted to trace 
many of the subsequent steps in the gradual 
developement both of vegetable and animal 
organizations ; and certainly no part of the eco- 
nomy of animated nature is more calculated to 
impress us with exalted ideas of the immensity of 
the scheme of Providence, and the vigilant care 
with which the most distant consequences have 
been anticipated, than the history of the early 
periods of their existence. Nothing can be more 
admiraMe than the progressive architecture of 
frame; nothing more beautiful than the 
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Belting op of temporary structures, which are 
required only at an early stage of growth, and 
which are afterwards remoTed to give plaice to 
more permanent and finished organs. 

The utmost solicitude has been shown in every 
part of living nature to secure the perpetuity of 
the race, by the establishment of laws, of which 
the operation is certain in all contingent circum- 
stances. It has also been manifestly the object 
of various provisions to diffuse the races as 
widely as possible over a great surface of the 
habitable globe. 

We are next to advert to the important conse- 
quences which, in the animal kingdom more 
especially, flow from this law of indefinite pro- 
duction. As animals are ultimately dependent 
on the vegetable kingdom for the materials of 
their subsistence, and as the quantity of these 
materials is, in a state of nature, necessarily 
limited by the extent of surface over which vege- 
tation is spread, a time must arrive when the 
number of animals thus continually increasing 
is exactly such as the amount of food pro- 
duced by the earth will maintain. When this 
limit has been attained, no farther increase 
can take place in their number, except by re- 
sorting to the expedient which we find actually 
adopted, namely, that of employing the sub- 
stance of one animal for the nourishment of 
others. Thus the identical combinations of ele- 
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ments, effected by the pow^s of v^et^on, are 
transformed in succession from one living b^ng 
into another, and become subservient to the 
maintenance of a great number of different ani- 
mals before they finally, by the process of decom- 
position, revert to their original inorganic state. 


See dying vegetables life sustain, 

See life dissolving vegetate again ; 

All forms that perish other forms supply, 

By turns we catch the vital breath and die/* — P ope. 


Hence has the ordinance been issued to a large 
portion of the animal world that they are to main- 
tain tlieinselves by preying upon other animals, 
either consuming their substance when already 
dead, or depriving them of life in order to prolong 
their own. Such is the command given to the 
countless hosts of living beings which people the 
vast expanse of ocean ; to the unnumbered tribes 
of insects which every spot of earth discloses ; to 
the greater number of tlie feathered race; and 
also to a more restricted order of terrestrial 
animals. To many has the commission been 
given to ravage and to slaughter by open violence ; 
others are taught more insidious, though no less 
certain arts of de.struction ; and some appear 
to be created chiefly for the purpose of quickly 
clearing the earth of all decomposing animal or 
vegetable materials, which might otherwise have 
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filled tiie air with noxious exhalations and cna- 
taminated the sources of ritality* ** 

This new law of animal exi^mce must neces- 
sarily inta-oduce new conditions of organization 
and of functions. Structures adapted to rapid 
locomotion must be supplied for the pursuit of 
prey, and powerful weapons for attack and des- 
truction. But nature has not left the weaker 
animals unprovided with the means of repulse, 
of defence, or of escape. For these purposes 
various expedients, either of force, of swiftness, 
or of stratagem, have been resorted to in different 
cases. 

That a large portion of evil is the direct con- 
sequence of this system of extensive warfare, it is 
in vain to deny. But although our sensibility 
may revolt at the wide scene of carnage which 
is so generally presented to our view, our more 
sober Judgment should place in the other scale 
the great preponderating amount of gratification 
which is also its result. We must take into 
account the vast accession that accrues to the 
mass of animal enjoyment from the exercise of 
th(®e powers and faculties which are called forth 
by this state of constant activity ; and when this 


* A» specially appointed for the performance of this useful 

task may be cited, among the larger beasts of prey, the hysena, 
the jackall, the crow, and the vulture : among marine animals, 
the Crustacea, and numerous mollusca ; and among the lower 
orders innumerable taribes of inserts, such as ants, flesh fljet,&c. 
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ooasideration is combined, as it ought to be, ipith 
that of the immense multiplication of life which 
is admissible upon this system alone, we Shall 
find ample reason for acknowledging the wisdom 
and the benevolent intentions of the Creator, who, 
for the sake of a vastly superior good, has per- 
mitted the existence of a minor evil. 

From this system of hostilities there must also 
arise new relations among the different races of 
animals. It affords a ready and effectual means 
of preserving the proper balance between different 
races. Each separate species of animals, far from 
being isolated and independent, performs the part 
assigned to it in the system of nature, and, how- 
ever apparently insignificant, may have a sen- 
sible influence on the rest of the animal creation. 
Man, above all other animals, has eftected a 
most important change in the condition of a 
multitude of other races, in every region where 
his numbers have multiplied, where the arts of 
civilization have enlarged his dominion, and 
where science has armed him with still more 
extensive power. 

In every department of nature it cannot fail to 
strike us that boundless variety is a charac- 
teristic and predominant feature of her produc- 
tions. It is only when the object to be attained 
is dependent upon certain definite conditions, ex- 
cluding the possibility of modification, that these 
conditions are uniformly and strictly adhered to. 



iwtoiiesrer 4ha);:ab»o^ oecessily 4oes,ji»^ 
aiMl there is ajfforded scope 
there we are eertaip to find introduced, aU those 
jp^odihcadons which the oc<^sioB admits o|. Not 
miiy is this tendency to variety exemplified in 
the; general appearance and form of the body, 
but it also prevails in each individnal organ, 
however minute and insignificant that organ 
may seem. Even vi^hen the purpose to be an- 
swered is identical, the means that are employed 
are infinitely diversified in different instances, 
as if a design had existed of displaying to the 
astonished eyes of mortals the unbounded re- 
sources of creative povrer. While the elements 
of structure are the same, there is presented to 
us in succession every possible combination of 
organs, as if it had been the object to exhaust 
all the admissible permutations in the order of 
their union. 

Some wise purpose, though dimly perceptible 
to our imperfect understandings, is no doubt 
answered by this great law of organic formation, 
the law of variety. That it is not blindly or in- 
discriminat^y followed, is apparent from its 
being circumscribed within certain limits, and 
controlled by another law, which we have next 
to consider — that of wnformity to a definite type. 

The most superficial survey of nature is suffi- 
cient to show that there prevail certain gmeral 
resemblances among great multitades of species. 
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which ' ititd msCufe or iCste 

eOM^oheuAiVe {^toopsi ITha^ ia UiCf ■ ai^aal 
kingdoBi, quadiiipede, birds* fishOSi replies, 
’Sholl-fish^ and iasects, compose natural assem- 
blages car closes* and each of these is readily 
dirisible into subordinate groups or famili^. 
Nw it results from a closer examination of the 


structure and economy of plants and animals, 
that the formation of all the individual species 
comprehended in the same class, has been con- 
ducted in conformity with a certain ideal model, 
or type, as it is called. Of this general type all the 
existing forms appear as so many separate copies, 
differing, indeed, as to particulars, but agreeing 
as to general characters. The same observation 
applies to the families, the genera, and other 
subordinate groups of living beings. 

The more extensive our acquaintance is with 
the anatomy and physiology of both plants and 
animals, the more striking do these analogies 
appear ; so that amidst endless diversity in the 
details of structures and of processes, the erame 
general purpose is usually acc|)mplished by simi- 
lar organs and in similar modes. So firmly is 
this principle established, that we may venture 
with confidence to predict many circumstances 
relating to an unknown animal, of which only 
a few fragments are presented to us, from our 


general knowledge of the characters and economy 


of the tribe or family, on the type of which it has 
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b^eien modelled# \ > Thus » the tUacov^ry of a^ >iaiitir‘ 
l^ed poi^(m of the :^eletoa< of £b foaeal animoh 
gkes to the !phygiok)^« ivrho tia ic<mireri»itBt lirith 
thed^ails of csompamtiYe anatomy;^ Ok knowledge 
of the general i^tHMiture and habits of ilmt aniinal, 
though all >othecr traces of lits eKieteace mayikaye 
beeiit swept away, aixtidst the prto^al rofcdu-s 
tiong of>the globe.^"' ‘‘ n". .-S 

Not onlyi does this ^tend^icy to confoim to 
particular typ^ obtain in aU^ organic fermatiooSi 
but furdier inquiry leads to the conclusion thfd 
the deviations from these standard forms^ far 
from being arbitrary, are themselves referable to 
particular laws. The regulating principle of the 
vadations is subordinate to bigh^ views, and 
has reference to the respective obgects and des- 
tination of each particular specdas in die general 
system of created beings. Nature, as far as we 
can discern, , appears, in conformity with these 
intendoi^, , first to have laid down certain .great 
plans of functbns to which has adapted the 
sdncture of tl^ oigans; the minor objects? and 
more subordinate functions being aoeomniQ^ 
dated to this general design. Hence am^ the 
necessary and reciprocal dependence 
organ and of each function on every other ; i 
hence are deduct whsit imve been termed 

• See Cuvier’s “ DiswHrs sur les revolutions de la surface 
du globe,” p. 47, prefixed io the first volume of his &isemeits 
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temiK^^ eo-^ea^enee f^ orgamc jwrms. By 
atimtion to these laws we may often explain bow 
each yan^on^^at is observefi in apy (me organ^ 
cemuMMi b) a natural group ^ animals^ entails 
cs^ftain necessary and corresponding variations 
in oftipr psu'ts, and extends its influence in modb 
fying, in a greater or less degree, the whole fahiic; 
It is in comparative anatomy as in mecbanios, 
wb^ any alteration made in the position of one 
part of a system of bodies occasions a change in 
the centred of gravity, of gyration, and of oscilla- 
tion ; and evolves new mechanical forces and 
conditions of equilibrium, which render new 
adjustments in other parts necessary, in order 
to restore the equipoise, and preserve the har- 
mony of their movements. 

We may conclude from these inquiries that 
tlm numerous classes or assemblages of beings, 
which science has formed, are by no means 
arbitrary creations of the human mind, invented 
merely with a view to flicilitate the study and 
to reoc^ise the identity of species, or calculated 
only to supply the imp^ectioim of our memory ; 
but that they have a real foundation in nature. 
To regard any of the beings in the creation as 
isolated from the rest, would be to take a 
nttcrow and a false view of their condition ; iftw 
all are connected by mutual relations,. Eveq 
among the leading types which represent the 
great divisions of the animal kingdom we may 
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tuaicfe Several points of r^seniiblance, glJdw 
t!N«i to be parts of ono geneml >1^331^ and- to 
hsivi6 emanated from the same Creator. ' Id the 
progress discoyery we are continnally meeting 
#ilh species which occupy intermediate places 
between adjacent types, and app^ff aS links 
of connexion in the chain of being. It often 
happens, as I shall hereafter have occasion to 
point out, that throughout an extensive series of 
organic forms, the steps of gradation by which 
erne type pasifes into another, are so numerous 
and so regular, as to preclude the possibility of 
drawing a decided line of demarcation between 
those that properly appertain to each. 

All these apparent anomalies and gradations 
of structure tend still farther to demonstrate the 
generality of the plans of nature, and the com- 
prehensiveness of her design, which embraces the 
whole series of animated beings. These views 
are strongly corroborated by the discoveries 
that are Continually being made of species now 
no longer in existence, but which, in former 
ages orftie worlil^ helped to fill up many of the 
chasms which now interrupt the continuity of 
that series. This knowledge has been rUvealed 
to us by the examination of their fossil rmnains, 
those monuments of former epochs, which have 
thrown such important light on the most inte- 
resting questions in Geol<^ as well as in 
«Sology 
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hai l0»g preirailed that the beiaga 
composing the Tegi^able and animal kingdoms, 
mighty if we were tbormighly acquainted witk 
thek structure and economy, be arranged in a 
linear, series, commencing with the simplest and 
regularly ascending to the most refined and com- 
plicate organizations, till it reached its highest 
point in man, who is unquestionably placed at 
the summit of the scale. Bonnet, in particular, 
cherished with enthusiastic ardour the hypo- 
thesis that all organic beings imned a con- 
tinuous gradation, each member of which, like 
the successive links of a chain, was connected 
with that which preceded, and with that which 
followed it; and he pursued this idea by ap- 
plying it even to the productions of the mineral 
world. But, divesting ourselves of these hypo- 
thetical views and figurative images, we find, on 
sober observation, that instead of one continuous 
series, we are presented with only detached frag- 
ments and interrupted portions of this imaginary 
system : so that, if, for the sake of illustration, we 
must employ a metaphor, the iptuml distribution 
of animals would appear to be represented, ntrt 
by a chain, but by comjdicated net-work, where 
several j^allel series are joined by transverse 
and oblique lines of connexion. A multitude of 
facts, however, tend to show that the real types 
or models of structure, are more corijectly re- 
presented by circular or recurring arrai^- 
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giQtvgs’ ifee disCttSsiM of tiieise and 
bther topka relating to tibe ^latis and ^deaigns- of 
natiirO’ itt *dbe fbrniation of organie Wiig8<iii&- 
<|uitea *a flptwioag afcqtmnitaftete ithe detetite 
of ^inpair^ive knkioMy and phyaiOio^i I aiiadl 
defer all ftiillieT bbstervki0ifi8= reepboling 
till I ‘havfei finished the review I propose to* tdke 
of the several strtiettites and *fim<Aion8 of tfie 
atiiknal and vegetable econoiny. There are, 
however, aome views that have been ^tertained 
respecting th#proeednre' of nature in the forma- 
tion of the different Tat^s of animals, which it will 
be proper to notibe in this place, as they will 
occasionally be referred to when the foots that 
more ' particularly illnatrate and support them 
come to be noticed. 

An hypothesis has been advanced that the 
original creation of species has been successive, 
and took place in the order of their relative com- 
plexity of structure ; that the standard types 
have arisen the one from the other; that each 
succeedihg form was an improvement Upon the 
preceding, ah’d 4K0wed in a certain order of 
develdpeiheht, according to a regular plan 
traced by the great Author of the universe for 
bestov^ing perfection oh his worka. This giada- 

, , S Mr. js .of ,t' ' ' 

he , has developed in his “ Horae Entomologias,” a,nd which 
appears to be Verified to a ^eat extent by the tftodeiti dtsdo- 
I ifi ^omjMirative anatoniy* 



MOF LIFE. 

itiom ^ 4»tmotiW: WBS 

by a gi»dad!onf,of i&ieyulties i >the object of ewb 
ebaagerof type being to attain bigber otjects, 
and to tadyanee a fundi^ step towards the nlti- 
ms^ ends of the animal creation . , Jdany a^a- 
reat anomalies which are inexplicable upon any 
other supposition, ace easily reconcilable to this 
theory. . The .deyelopanents of structure be.- 
longii^ to a particular type being always pro- 
spective, are not completed in the inferior ordei^ 
the groupe formed upon thiit model, but 
remaui more or less imperfect, although each 
o%aa always fully answers the particular pur- 
pose of the individual animal. But it sometimes 
happens that the imperfection of an organ is so 
great, in consequence of its developement having 
preceded to a very small extent, as to render 
it wholly useless in that particular species, ab 
though in a higher race of animals it fully per- 
forms its proper function. Thus we shall find 
that rudiments of feet are contained within the 
bodies of various kinds of serpents, which can ob- 
vioudy not be serviceable aimrgans of progres- 
sion. In the young of the whale, before its birth, 
there is found in the lower jaw, a row of small 
teethi which do not rise above the gums, aiid 
can, therefore, be of no use as instruments of mas- 
tication.. Their faither growth is arrested and 
they are afterwards obliterated. This imperfect 
or rudimentary condition of an organ indicates 
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its to oto^ spOcies belongitfg to tfe 

»afBe ah^ detoonsttotea the toctsiaqoe of a 

gtgttettd pte in theiP tormaticai/ I siiall haare 
occasion to mention several striking instances 
Of this kind, both in the animal and vegetable 
kingdom. ■'' ' ' ■' 

In following the transitions from one modebOf 
structure to another, we often observe that a par- 
ticular organ has been very greatly enlarged^ or 
otherwise modified to suit smne particular pur* 
pose, foreign t# its usual destination, or to <iua- 
lify it for performing some new office^ rendered 
necessary by the particular circumstances in 
which the animal is placed. Thus die ribs, 
which in quadrupeds are usually employed for 
respiration, are in serpents converted into auxi- 
liary oigans of progressive motions and in the 
Draco volans, or flying liasard, they are extended 
outwards from the sides to serve as wings. The 
teeth, usually intended for mastication, are in 
many animals enlarged in order to serve as wea^ 
pons of offence, as in the Elephant, the Mmr, 
the Narwal, and ti|e Pristis. In like mann^ in 
the Crnstacea, organs of the same general struc- 
ture are converted sometimes into jawsy some^ 
times into feelers, (or palpi) and sometimes Into 
feet; and the transition from the one to toe 
otoer is so gradual that it is difiicult to draw n; 
proper distinction between them. ; i. ,ij 

In pursuing the ascending series of anftiKid 
structures we meet also with instances of a con- 
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t*aary ohaago. yet stiU Te&ulting from the conti- 
nued opplkatioatof; the same principle* An 
organ which has emred an important purpose 
ia one animal, may he of less use in another, 
occupying a higher station in the scale, and the 
change of circumstances may even render it 
wholly useless. In such cases we find that it is 
gradually discarded frmn the system, becoming 
continually smaller, till it disappears altogether. 
We may i^ten, however, perceive some traces 
of its -erjtistence, but only in a rudimental state, 
and' as if ready to be developed, when the 
"^occasion may demand it. 

In the greater number of organic structures 
we may trace a tendency to the repetition of 
certain organs, or parts, and the regular arrange- 
ment of these similar portions either round a 
central axis, or in a longitudinal series. The 
former is apparent in the verticillated organs of 
plants, and in the radiated forms of zoophytes. 
The linear arrangement is exhibited in the si- 
milar segments of annulose and other articulated 
animals, and also in the pie^s which compose 
the spinal column of vertebrated animals. In 
these two latter classes, also, a remarkable law, 
of symmetry obtains in the formation of the twn 
sides of the body, which exhibits the lateral 
jnaotkm of similar but reversed structures* The 
violations of this law are extremely rare; yet 
some remarkable instances of anomalous forma- 
tions m this respect will hereafter be noticed. 
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In treating of the {»jrticular functions of the 
emimal and yegetable economy 1 shall follow a 
different order from that in which I have pre- 
sented them in the preecding sketch. As the 
Mechanical functions depend upon the Simpler 
properties of matter and, the well known Inws of 
mechanism, I think it best to commence with the 
examination of these. Our attention will next 
be directed to the highly interesting subjects 
which relate to the Nutritive dr Vital functions 
both of vegetable and animal structures : for as 
they involve the chemical properties of organized 
substances, and are, therefore, of a more refined 
and intricate nature than the preeedingi I 
conceive they will be best understood after tl» 
general mechanism of the frame has been ex- 
plained. These studies will prepare us fiw the 
consideration of living animals as sentient and 
active beings, endowed by their bounteous Crea- 
tor with the exalted faculties of perceptiim and 
of volition, which alone give value to existence, 
and which raise them so far above the lev^ of 
the vegetable world. I shall lastly ^ve a very 
brief account of the reproductive functions, and 
of the phenomena of animal developement^ ih 
whk;h the discoveries of modern times have re^ 
vealed to us so cmisideraMe a portion of thdse 
imctensi^e plans which an all-wise providence 
has beneficently devised for the general wel£^ 
ol anunated beings. i > 
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THE MECHANICAL FlWfCrrONS. 

’ ' ' » ’ ’ ' ' 

Chapter I. — Organic Mechanism. 

§ 1 . Organization in General. ' 

Life, which consists of a continued series of 
tictions directed to particular purjioees, cannot 
be carried on but by the instrumentality of those 
peculiar and elaborate structures and combina- 
tions of material particles which constitute or- 
ganizoMon. All these arrangements, both as 
Inspects the mechanical configuration and the 
chemical constitution of the elements of which 
the organized body is composed, even when 
apparently most simple, are, in reality, complex 
and artificial in the highest possible degree. 
Let us take as a sj»cimen the crystalline lens, 
or hard central part, of the eye of a cod fish, 
which is a perfectly tmnsparent, and to . all 
appearance homogeneous, sphmile. No ime, 
unacmstmfied to explore the wonders of ' nature, 
would suspect that so simple a body, which he 
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flight suppose to , be formed (d. & unifoopa mute: 
rial east ia a mould, would disclose, wben exa- 
mined und^ a powerful microscope, and with tbe 
diUlof a Brewster, the moi$ refined, and e}(qui-^ 
site conformation. Yet, as I shall haye occasion 
to specify more in detail in. its proper place, this 
little spherical body, scarcely larger than a pea, 
is composed of upwards of five millions of fibres, 
which lock into one another by means of more 
than sixty-two thousand five hundred millions of 
teeth. If such be the complication of a portion 
only of the eye of that animal, how intricate 
must be the structure of the other parts of the 
same organ, having equally important oflhces ! 
What exquisite elaboration must those textures 
have received whose functions are still more 
refined! What marvellous workmanship must 
have been exercised in the organization of the 
nerves and of the brain, tliose subtle instruments 
of the higher animal faculties, and of which 
even the modes of action are to us not merely 
inscrutable, but surpa^ing all our powers of 
conception! 

It is from the energies of life alone that lOr- 
ganic forms are produced. No fabric achieved 
by human power ever approached in rehnement 
the simple^ of nature’s works. The utmost 
edbrts of the ingenuity or skill of man in the 
constructiou of the most , delicate machinery is 
inf^tely surpassed by the most ordinary ol the 
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Whicii Are -ptesefited to Ottr* 
in living bodies. However successftil inay be 
hlini^ Artists in their attetnjjts to contrive mi- 
tOttkata, which shall exactly imitate different 
animal movements, there will always be wanting 
that internal principle of action, derived frean a 
higher souree than mechanism can siipply, artd 
without which these highly wrought worics of 
man, like the unvivified eAatues of Promethens, 
must remain for ever mere masses of insentient 
and inert materials. 

As the living functions imply the mechanical 
action and re-action of parts which cohere in 
some definite order of arrangement, So as to 
preserve that determinate form to which they 
constantly tend to return on being displaced, 
it is impossible to conceive that a mere fluid 
can exercise these functions; because the par- 
ticles of a fluid, being equally moveable in 
every direction, have no determinate relative 
situations, and possess no character of peitna- 
nence*. All organic and living structures, there- 
fore, must be composed of solid as well as fluid 
parts ; alfliough the proportion between these is, 
in different cases, almost infinitely varied, A 
dormant vitality may, indeed, exist in a systdlfti 
of organs which have been brought into a 
fectly dry state : as is proved by the 
of vegetable seeds, and also of many species of 
animalcules, and even of some of the more 
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liighly ^m^letpeA Anmlida, or w«n^ which 
maty be kept in a dry state fw indefinite 
loigth of time, and, when moy«aidi With wn*^, 
resiune their activity, as if restored to life. *1116 
germination of seeds under these cirOumstisntoes 
is matter of common observation ; bat the rerri- 
vification of animalcules is a more curious phe- 
nommi, for it takes place mcse rapidly, and is 
more strildng in its results. The Rotifer redi- 
vims, or wheel animalcule,^ (Fig. 1 .) which was 
first observed by Lewenhoeck, and was after- 
wards rendered celebrated by the experiments 
made upon it by Spallanzani, can live only in 
water, and is commonly found in that which has 
remained stagnant for some time in the gutters 
of houses. But it may be deprived of this fluid, 


1 



and . reduced to perfect dryness, so that dl the 
functions of life riiall be completely suspended^ 
yet without the destruction of the vital principle ; 


* V^Tticttla rotatorm of GmcKn, and Fame^arteof Laiiiark. 
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li^c tius atpia,!af dust, after r(^amiD,g fur years in 
a,diyr#ate, may ]be r^yived in a few minutes by 
bemgriOgain sup{»lied, with water. This alternate 
su$|itensi ^4 and restoration of life may be re- 
peatod» without apparent injury to the apimalr 
cnle«; for a great .number tunes.^ ,&iinilar 
phenomena are presented by the Vibrio tritici^ 
(Pig^dJ.) or the animalcule, resembling an eel in 
its ^ape, which infests diseased wheat, and 
wbkh^ when dried, appears in the form, of a tine 
pQw;der : <m being moistened, it soon resumes its 
liying and active state.* The Gordius aqmticus, 
or hair worm, which inhabits stagnant pools, 
and which remains in a dry, and apparently 
lifeless state when the pond is evaporated, will, 
in like manner, revive, in a very short time, on 
being again immersed in water. The same phe- 
nomenon is exhibited by the Filaria, a thread- 
like parasitic worm, infesting the cornea of the 
eye of the horse, f 

Both the composition of the fluid and the 
texture of the 8<flid parts of animal and vege- 
table bodies tore infinitely varied, according to 
the purposes they are designed to serve in the 
economy. Scarcely any part is perfectly homo- 
geneous ; that is, composed throughout of a single 
uniform material. Pew of tire fluids are entirely 

• See a paper on this subject by Mr. Bauer, Phil. Prans. for 
1823, p. 1. 

t Blaianille, Anaales des Sciences Naturellesj X. 104. 
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Ij^pid, and none are perfectly simple in their 
eoinposition ; for they generally contain more or 
1©^ of a gelatinous matter, which, when very 
abundant, imparts to them viscidity, constituting 
an approach to the solid state. Many fluids con- 
tain minute masses of matter, generally having 
a globular shape, which can be seen only by 
means of the microscope, and which float in 
the surrounding liquid, and often thicken it in 
a very sensible manner.* We next perceive 
that these globules have, in many instances, 
cohered, so as to form solid masses; or have 
united in lines, so as to constitute fibres. We 
find these fibres collecting and adhering to- 
gether in bundles; or interwoven and aggluti- 
nated, composing various other forms of texture ; 
sometimes resembling a loose net-work of fila- 
ments ; sometimes constituting laminae or plates ; 
and, at other times, both plates and filaments 
combining to form an irregular spongy fabric. 
These various tissues, again, may themselves be 
regarded as the constituent materials of which 
the several organs of the body are constructed, 
with different degrees of complication, according 
to the respective functions which they are called 
upon to perform. 

We shall now examine the several kinds of 


^ Globules of this description have been found in the lymph, 
the saliva, end even in the aqueous humor of the eye. 
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torture ia reladoii to these foactbas, in, the 
order of iMr increasing complexity ; be^t^aing 
widi those ^ Timetables, which are apparently 
the amplest all. 


^2. Vegetable Organization^ 

Plants, being limited in their economy to the 
fonctions of nutrition and reproduction, and 
being fixed to the same spot, and tlierefore in a 
comparatively passive condition, require for the 
performance of these functions mechanical con* 
structions of a very different kind from those 
which are necessary to the sentient, the active, 
and the locomotive animal. The organs that are 
essential to vegetables are those which receive 
and elaborate the nutritive fluids they require, 
those which are subservient to reproduction, 
and also those composing the general frame- 
work, which must be superadded to the whole 
for the purpose of giving mechanical suppor^ 
md protec^b to these finer organizations. As 
plants are destined to be permanently attachi^d 
to the soil, and yet require the action botli 
of air and of light; and, as they must also 
be ‘ defended from the injurious action qf the 
elements, so we find these several objects pro- 
vided for by three descriptions of parts : namely, 
first, the Roots, which fix plants in their situa- 

VOL. I. 
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tiiHi; «ecE^ly, which suppwt ths^ 

m the proper positron, or raise them to the re- 
quisite height above the ground ; toge^fer adth 
the branches, which are merely subdivisions of 
the stem ; and thirdly, the external coverings, 
which correspond in their office to the tegu- 
ments, or skin of animals. 

The simplest and apparently the most ele- 
mentary texture met with in vegetables is formed 
of exceedingly minute vesicles, the coats of 
which consist of transparent membranes of 
extreme tenuity. Fig. .“} is a highly magni- 
fied representation of the simplest form of these 
vesicles.* But they generally adhere together 
more closely, composing by their union a species 
of vegetable cellular tissue, which may be re- 
garded as the basis or essential component ma- 
terial of every organ in the plant. This cellular 
structure is represented in figures 4 and 5, as it 
appears in the Fucus vesiculosus ; the first being 
a horizontal, and the second a vertical section 
of that plant, t The size of thes^ells differs 
conuder^ly in different instances. ^Kieser states 
that the dmmeter of each individual cell varies 
fimn the 330th to the 55th {^t o£ an inch ; so 

* Thete cells are well represented in the en|;ravmg8 whtoli 
illustrate Mr. Slack’s memoir on the elementary tissue of plants, 
ccmtained in the 49Ui volume of the Transactions of the Society 
of Arts. 

t ®e Candolle, Orjanographie V^gctalei 
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tiiast from 3,000 to lOOjOOO crfls wouid be con- 
tained in an extent of sRirfatce equ^ to % sqdare' 
inch. But they are occasionally met with of dif- 
ferent eiases, from even the 1000th pm-t of m 
inch to the 30th. 



In their original state, these vesicles have 
an oval or globular form ; but they are soon 
transfermed||i|to other shapes, either by the 
mutual compression which they sustain from 
being crowded into a limited sqtace, or from 
unequal expansions in the progress of theii* 
developement. From the first of these caus^ 
they often acquire angles, assuming the foims of 
irre^lar rhomboidal dodecahedrons, and often 
of hexagonal prisms, like the cells of a honey- 
comb ; and by the second, they are elongated 
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or ; slowly tapering cones, thjoo 
puB^mg ]by insensible gradations into, tbe tubu^ 
i^fm. i^igures 6, 7,, and 8, are representations 
oC some of these different states of. tpinsition fropi 
the one to the other. These various modifica- 
tions of tlie same elementary texture have been 
di^inguished into several classes of cells, and 
dignified by separate technical denominations, 
which I shall not stop to specify, as it does not 
appear that they have as yet thrown any light 
on vegetable physiology. 

Many of the cells are fortified by the addition 
of elastic threads, generally disposed in a spiral 
course, and adhering to the inner surfaces of the 
membranous coats of the cells, which they keep 
in an expanded state. (See Fig. 9.) When the 
membranes are torn, the fibres, being detached, 
unrol themselves, and being loosely scattered 
among the neighbouring cells, give the appear- 
ance of fibrous connexions among these cells, 
which did not originally exist. Simple mem- 
branous cells, containing no in|mial threads, 
are often found intermixed witlWhese fibrous 
cells. In memy of the cells, again, the original 
^paral threads appear to have coalesced by their 
edges ; thus presenting a more uniform surface, 
excepting that a few interstices are left, where 
the pellucid membrane, having no internal 
lining, presents the appearance of transverse 
fissures or oval perforations. (Fig. 10.) Cells 



bf ’this de8crij[«rbn are said to be f^teieia^aif or 
spited, and, together with thdse haring ittore 
re^lariy foi'med spiral threads, arfe very abtin- 
dantly met with in plants belonging to the tribe 
of Orchidece, 

It has been much disputed whether the cdls 
of the vegetable texture are closed on all rides, 
or whether they communicate with one anolber. 
Mirbel has given us delineations of what ap- 
peared to him, when he examined the coats of 
the cells with the microscope, to be pores and 
fissures. But subsequent observations have 
rendered it probable that these appearances 
arise merely from darker portions of the mem- 
branes, where opaque particles have been depo- 
sited in their substance. Fluids gain access 
into these cells by transuding through the mem- 
branes which form their sides, and not by any 
apertures capable of being detected by the 
highest powers of the microscope. 

If all the cells consist of separate vesicles, 
as the concurring observations of modern bo- 
tanists* appear to have satisfactorily established, 
the partitions which separate them, however thin 
and delicate, must consist of a double membrane, 
formed by the adhesion of the coats of the two 
contiguous vesicles. But as these coats can 


• In particular, Treviranus, Kieser, Link, Du Petit Thouars, 
Pollini, Amici, Dutrochet, and De Candolle. 
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Ilittliijr (MpfOsiBd Wm&ke^ ifl «i^ry |)oiii*,^'(i»^^ 

HMty find that spac^ hat« kdfc 

ijK vt^ctes ^rts between them ; and that cem->^ 
mttnicatiood exist to a certain extent between 
these spaces ; so as to compose whnt may 
be regarded as one large cavity. These^ have 
been denominated the intercdhUc^ spaces and 
they have been suf^M^ed to perfi>rm, as will 
hereafter be seen, an important part in the fitnc* 
tion of Nutrition. 

Fluids of different kinds occupy both the cells 
and the intercellular spaces. The contents of 
some is the simple watery sap; that of others 
consists of peculiar liquids, the products of 
vegetable secretion ; and very frequently they 
contain merely air. In many of the cells there 
me found small opaque and detached particles 
of the substance termed by chemists, Fectda, 
which starch is the most common example. In 
several parts, and more especially in the leaves, 
and in the petals of flowers, the material which 
gives them their peculiar colour is contained in 
the cells in the form of minute globules. De 
Candolle has given it the name of Chromttle.* 

The celis of the ligneous portion trees and 
sbrnbs are further encrusted with particles of a 
mote dmise material, peculiar to vegetable organ* 
ization, and termed Lignme. It is this substance 


* Organograpilie, Tom 1, p, 19. 
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wi^ich pi^neipally iccMutiibutee to th>e ^leoeity 9^ 
n^haaic^strengtb of R'hat retailed tlie Woodtf 
JFi^es,)>!i 9 liich coiia^ of oi^oetionsaf fi^oi7»i of 
tapering vess^ i^reafter to be described, siir- 
tounded by assemblages of cells tbus fortibod, 
and . the whole eohering in bundles, so as to 
present greater resistance to forces tending to 
displace them, in the longitudinal direction than 
in . any other- 

Most of the plants which arc included in tlie 
Linnean class of Crypfeogamia have a structure 
exclusively composed of cells, as has been 
already shown in Uie Fitcus vesiculosus. But the 
greater number of other plants have, in addition 
to these cells, numerous ducts or vessels, con<- 
sistiiig of membranous tubes of considerable 
length, iuterspereed tliroughout every part of the 
system. These tubes exhibit ditferent modi* 
ticationsof structure, more especially with regard 
to tlie form of the fibres, or other materials, 
wdiich adhere to the inner surface of their raent' 
branes ; and these modifications correspond very 
exactly with those of the vesicles already de» 
scribed as constituting the simpler forms of 
vegetable tissue. There can be little doubt, 
indeed, that the vessels of plants take their 
oi%tn from vesicles, which become elon^ted by 
the progress of developemeut in one particular 
direction ; and it is easy to conceive that where 
the extremities of these elongated cells meet, 
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Ihe^' 

become oblilmited at the jwiirts of 
ao as to unite them into one continuous tube 
w&h an uniirteiTupted interior passage. This 
view df the formatiMi of the vessels of plants is‘ 
eonhrmbd by the gradatipn that may be traced 
among these various kinds of structures. Elon- 
gated cells are often met with apjdied to eaOh 
other endwise, as if preparatory to their coales- 
cence into tubes. Sometimes the tapering ends 
of ftisiform cells are joined laterally (as seen in 
Fig. 12), so that the partitions which divide their 
cavities are oblique. At other times their ends 
are broader, and admit of their more direct ap- 
plication to each other in the same line, being 
Separated only by membranes passing trans- 
versely ; in which case they present, under the 
microsceqje, the appearance of a necklace of 
beads (Fig. 13). When, by the destruction of 
these partitions, their cavities become con- 
tinuous, the tubes they form exhibit a series of 
contractions at certain intervals, marking their 
origin from separate cells. In this state they 
have i^eived the names of meniliform, jointed 
or headed vessels.* Traces of the membranous 
partitions sometimes reinain where their oblite- 
ration has been only partial, leaving trattsvarse 
fibres. The conical terminations occasionally 


Mirbel erave them the name of Vmss^aux ien ckapelet* 
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€^eeffVftliri6 i» tlie v<e«»d8 «f jdtet&ts also indiGate 
thc» cellular or^in.* 



The membrane constituting the tube is some* 
times simple, like those of the simple cells : but 
it frequently contains fibres, or other internal 
coatings, corresponding to those met with in the 
more compound cells. The vessels in which the 
internal fibres ran in a spiral direction (Fig, 14), 
are denominated trachea;, or spiral vessels f or, 
from their being found very constantly to contain 
air, they are often called air tubes. Their 
diameter is generally between the 1000th and the 
^Oth part of an inch. These spiral, or air vas- 
sels, pervade extensively the v^etable system. 
The threads they contain are frequently double, 
taeble, quadruple, or even still more numerous : 
they are of great len^h, and when the extenial 
membrane of the vessel is divided, they nmy 

* This theory of the derivation of vessels from cells was first 
advanced by Treviranus. 



7.4 

%l|4. .U9f}Oi|^ l^6^^ «4s»r. 
ti^itj, mabling U^ to retain- 4^ ^ral filiajpau 
'l!be, Inject of thia structure app^tra to be -thitl 
of beepii]^ the cavity of thi^ tii|fe>n always per-^ 
yinus^ by predating resiatonee any nxtemnl 
forcn teoding to coinprean luid close it.* > . , 

Ip totoiy instances the inner fibres of the tube, 
instead nf forming a ccmtinuous spiral, s^pear in 
the shape of rings, sncceeding one another at 
regular intervals, and constituting what are 
called amular msseh (Fig. 16). They are gene- 
rally larger than the spiral vessels. In other 
cases, as was first observed by Hedwig, the 
acyacent coils are found to be closely coherent 
tliroughout the greatest part of their course ; 
leaving, however, occasional intervals, where the 
external membrane, being unprotected, appears, 
from its transparency, as if spotted or perforated 
in various places (Fig. 16). Every intermediate 
stage may occasionally be seen in the tran^tion 
from one of these forms to the other, in cbnse- 
quence of the various kinds of convolutioa, of 
branchings, or of transverse junctions of filwes, as 
well as the greater or less extent of their lateral 
adhesions. All these varieties are met with, 
not only in different vessels, but, as was observed 
by Moldenhawer and Kieser, even in the dif- 

* Vessels are sometimes met with which appear to be formed 
simply by ^Ue coils of spiral fibre in close juxtaposition » and 
unattached to any external cuvelo|)e, or coaneciing membiane^ 



VEGETABLE OROAinZATlOK. 


75 


fensut portions the ssnne teesd, when followed 
by* tiie eye tfarong^hout a great eXtefnt of its length. 

in the eotuae of the same tube, (as seen in 
Fig 17), we find parts exhibiting spiral fibred, 
wMeh, in other parts, bifiircate and again unite ; 
and in others, again, form lings : these may 
afterwards, by a closer junction, present a rc^- 
oniated appearance, or a series of transverse 
lines, which, becoming smaller and smaller, are 
at length mere points, arranged in circular rows 
around the cybndrical surface of the vessel.* 
What are called the woody Jibres have their 
origin, like all other parts of plants, in cells. 
These are generally fusiform, that is, of the 
shape of a double cone, very greatly elon- 
gated, and placed close and parallel to one 
another, with the narrow extremities of one set 
wedged in between those of another set (Fig 18). 
Their coats are more firm and elastic than those 
of ordinary vessels, but do not appear to con- 
tain any internal fibres, although they receive, 
in the progress of their developement, large 
additions of solid matter. These fibres are gene* 
rally collected together into bundles or layers, 
and are accompanied by cells and vessels of 


* Many dittinguiihed botanists, such as Rudoiphi, Link, 
Treviranus, and Dutrochet, consider these spou as being pro- 
duced not by the deficiency of the internal coating, but by tke 
addition of granular bodies. See De Candolle’s Organographie 
Veg^tale, tom. 1 , p. 56. 
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arid iri 

Wnsition. The density of thri woody iibtis 
increases in proportion as these'iriOrustritiOn^ i^re 
formed, till they have become nearly itnp^ious ; 
and have acquired a degree of rigidity peculiariy 
fitting them for the office of giving mechanical 
support to the fabric of the plant.* Their assem- 
blage thus constitutes a kind of frame-work for 
the whole system, which may be regarded as the 
skeleton of the plant. Thus, what are called the 
fibres of leaves (Fig. 19), are principally com- 
posed of these woody fibres, distributed in the 
manner best adapted to support the expansion 
of the soft and pulpy substance of those im- 
portant organs. 

Besides the minute cavities of the cellular 
tissue, there occur, in various parts of a plant, 
much larger spaces, apparently serving the 
purpose of reservoirs of particular fluids; but 
sometimes containing only air. Large air cells 
are, in particular, met with very commonly in 
aquatic plants, where they probably contribute 
to impart the requisite degree of buoyancy. 

There are also contained, in the interior of 

• By drying different specimens of wood in a stove, Count 
Rumford was led to the conclusion that the specific gravity of 
the solid matter which constitutes timber is nearly the same in 
all trees. He found that the woody part of oak, in full vegeta- 
tion, constitutes only two-fifths of the whole bulk : and that 
ordinary dry wood contains above one-fourth of its weight of 
water. Thomson's Annals of Philosophy, 1. 388. 
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vegetal)!^, cEitain organs, d^ominated Glands, 
w}dch are compoaed of closely qompacted cdls, 
aod wMch perform the function of secretion, 
thfit is, the conversion of the nutritious juices 
intp particular products required for vfurious 
pniposes in the economy of the plant. 

Tlie external parts of a living plant require 
protection against the injurious effects of the 
atmosphere, and of the moisture it deposits. 
For this purpose there is provided a membrane, 
termed the Cuticle, which is spread over the 
whole surface, investing the leaves and flowers, 
as well as the stem and branches, and interposing 
a barrier to the action of fluids, or otlier extra- 
neous bodies, on the living organs. The cuticle 
is formed originally by the condensation of a 
layer of cellular tissue, of which the cells, being 
consolidated by exposure to the air, and by 
compression, compose a thin but impervious 
pellicle. Amici has distinctly shown, by means 
of his powerful microscope, the cellular structure 
of the cuticle, and also that the layer of cells 
of which it consists is independent of the sub- 
jacent cellular tissue.* Fig. 20 is intended to 
show this circumstance, the shaded part repre- 
senting the cuticle with its series of cells. 

Oval orifices, or stomata, as they have been 
tm’med, are discoverable on almost every part of 


Annales des Sciences Naturelles, IL 211. 
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4ni:&ce tfe%catklei ei|)eciifl^ 

ki idioBe tiiat have a green cdtoar.* il^eyai6 
fenced at nearly equal distances droM oaie ana^ 
tjl^r, and are particularly numerous iii the 
cuticle of the leaves, where they occupy »the 
intervals between the fibres. These onfic6s 
conduct into the interior of the plant, probably 
into the general cavity of the intercellular 
spaces. It is evident, from the functions they 
perform, that they must occasionally open and 
close ; but the minuteness of their size precludes 
any accurate observation as to the nature of the 
apparatus provided for the purpose of perfortning 
these motions. Amici describes their margins 
as formed by two cells, by the movements of 
which, combined perhaps with those of the 
adjoining cells, he conceives these orifices are 
opened and closed. f Great variety, however, 
is observable in the stnicture of the stomata in 
different species of plants. 

Many plants have no stomata, either on the 
cuticle of the leaves, or on that of the stem. 
This is the case with such aquatic plants as are 
habitually immersed in water. In those that 
are only partially immersed, stomata are met 

• Rg. 2% is a magnified representation of tlie appearance 
in the outk^e <^f the denkticnlatmt^ Ukexi in 

central part of the lower surface of the leaf, from De Candolle. 
Fig« SI is a still more magnified view of the stomata in the ^af 
of the Lilium mndidum^ from Amici. 

t Ibid, n. 215. 
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wklt itt those parts exdu8ivel||, which ai^ abov^ 
the water. Tl^ leaves of the ManmtMus 
oftuaiem, when made to grow in the air, acquire 
stomata, but lose them entirely when growing 
under water. Stomata are wanting in all plants 

w * 

whose structure is wholly cdlular. 



Botanists are far from being agreed as to the 
precise functions which the stomata perform. 
Their usual office undoubtedly is to exhale 
water ; but they probably also absorb air under 
certain circumstances, and in particular exi- 
gences. 

The principal organs through which the 
fluids that serve for nourishment are received 
into the system of plants, are those situated at 
the extremiti^ of the roots, where they are 
termed, from their peculiar texture, spongiolesi* 

♦ Fig. 23 exhibits the termination of a root of a willow in a 
spongiole ; the arrangement of the cells composing which k 
shewn in Fig, 24, from De Candolle. 
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Of tiie ^spongioles in abso^ii^flaklB 

I shall have occasion to speak when tieai^ng of 
nutrition. But as tiie roots exercise a^eehan- 


ical m well as a nutrient office^ shouhi* hcue 
consider them in the light of orgsms adapted 
to procure to the plant a permanent attaditnent 
to the soil, upon which it is wholly dependent 
for its supply of nourishment. It is scarcely 
necessary to point out how effectually they per- 
form this office. Our admiration cannot fail to 


be excited when we contemplate the manner in 
which a large tree is chained to the earth by its 
powerful and widely spreading roots. By the 
firm hold which they take of the ground, tiiey 
procure the most effectual resistance to the force 
cff the winds, which, acting upon so large a 
surface as that presented by the branches 
covered with dense foliage, must pt^ess an 
immense mechanical power. 

The principal seat of the vitality of a plant is 
the part which intervenes between the root and 
the stem. Injuries to this part are always fatal 
to the life of the plant. ' 

As the roots penetrate downwards into the 
earth to different distances in order to pjoeure 
the requisite nourishment, so the ste^ grows 
upwards for the purpose of obtaining for the 
leaves and flowers an ample supply of air, and 
the influence of a brighter light, both of which 
are of the highest importance to the maintaiapce 
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life. steia|^of the girassea are 
hollow tabes ; their most ^lid parts, •wlucli 
feeque)|t}y consist of a thin layer id' silm, occu- 
pying the surface of the cylinder. ; Of all the 
possible modes of disposing a given quantity 
of imteriais in the construction of a column, 
it is matliematically demonstrable that this is 
the most effective for obtaining the greatest 
possible degree of strength.* 

The graceful continuous curve with which the 
stem of a tree ris^ from the ground, is the 
form which is best calculated to give stability 
to the trunk. Evidence of express mechanical 
design is likewise afforded by the manner in 
which the trunk is subdivided into its branches, 
spreading out in all directions, manifestly with a 
view to procure for the leaves the greatest extent 
of surface, and thus enable them to receive the 
fullest action of both light and air. The branches, 
also, are bo constructed as to yield to the irre- 
gular impulses of the wind, and again, by their 
elasticity, to return to tlieir natural positions, 
and by these alternate inflexions on opposite 
sides, to promote Iflie motion of the sap in tlie 
vessels and cellular texture of the liber and 

t 

* Galileo, the most profoimd philosopher of his age, when 
roterrogated by the inquisition as to his belief in a Snpreme 
Being, replied, pointing to a straw on the floor of l;|is dungeon, 
that from the structure of that Object alone he Wohid infer with 
certainty the existence of an intelligent Creator. 
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ailMEntimB. r can exceed tIie?€^egMideiof 

tfacne Ibima which are presented in m&ty {iart<cC 
the tegi^able khigdcHn, wheth«? they >be^ oelisi^ 
deedil with refer^ce to their direct wtilii^ for the 
edppoit ef initi'ridiial life, and thd ^conthuiteinee 
of the species, or whether they beu (is 

coihponent parts of diatbeanty which is spread 
orer the sOenary of natore; and is m i^ightfvdty 
refreshing to the eye of every beholder hlifte 
to hs fascinating charms. How enchanting^ are 
ail the varieties of flowers, that decorate id 
gay profusion every part of the garden of 
creation ; and into which the farther we cany 
our philosophic scrutiny, the more fr«roiMy will 
our hearts be impressed with the truth of the 
divine appeal that “ Even Solomon in all Hia 

WAS NOT ARHAYED LIKE ONE OPTWESE.’? 


§ 5. JDevelopement of Vegetables, 

Farther proofs of design may be collected from 
an examination into the modes in which those 
stractioras, so admirably f^apted to their objects, 
have been.^ gradually formedi < Confining onr 
attention to vascular plants, in which ^ pro- 
cess of developement has been studied with the 
greatest attention and success, we find thht 
Nature has pursued two diflbrent plans m 



DEVaijOe^BNV' Q^VBOETAJILES. 6 $ 

their gnmth, ft « ^ the j^realear aiun* 
hei^ I it^&^ eu^essiye additicMis toi ^the ^ihstaii^ 
of the stent aie maileioa the exterior side of the 
perte>hmn;srliich< ^7 proceed. < This mode m 
edof^an what aie.c&lled JSmgmousplmts. la 
o^dilt’the giowdbiib the result of additions made 
mterpaUy V a plan wluch is followed ia all 
d$gm0mpik*te. The Oak, the Elm, the Beech, 
the iPiae, and aU the tre^ of tiiese northcarn 
F^qsis, hdoBg to the of these diTitions. 
The Palm tribe, such as the Date, the Cocoa-nut 
tree, and, indeed, a large proportion of the trees 
oi tropical oHmates, together with the sugar- 
cane, the hamlmo, and all gramineous and liita*- 
ceouis plants, belong to the latter. We shall firsd 
inquire into the endogenous mode of growth, 
as being the simplest of these two kinds of vege^ 
table developement. 

A Palm tree may be taken as an example of 
the mode of growth in endogenous plants. The 
stem of this tree is usually perfectly cylindrical, 
BttakB a great height, and boars on its summit a 
tult of leaves.' It is competed of an extremely 
dense* external eylindric layer of wood ; but 
tlm t^tuiU of the interior becomes gradually 

, 5 Tlw trUie erf Fiiicef, or ferns, the structure (rf trhidi i* 
y^^ular^ constjtiJite an fjiceptiou t^ this rule ; « they_ 
their mode of developement, both from exogenous and endoge- 
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mSber and mom ^ p^mus as it comes neafm*< tbe 
cmvim; tiiough witli regaid to ii» essential: cha- 
raicter it ap|>ears to be uiiifofm i» e?eliy part, 
feting neither medullary rays,i nor true outward 
birk, nor any central pith ; in all which respects 
it diflfers totally Irom the oidinary exof|NiOus 

Tlie first stage of its grou'th consists in the 
appearance of a circle of leaves, which, shoot 
apwdids from the neck of the plant, and attain, 
during the first year, a certain size. The follow- 
ing yeai*, another circle of leaves arises ; btit they 
grow from the interior of tlie former circle, which 
they force outwards as their vegetation advances, 
and as ligneous matter is deposited within them. 
Thus each succeeding year brings witli it a fresh 
crop oi leaves, intermixed with ligneous matter, 
which leaves, exerting an outward pressure, 
stretch out the prectding layers that enclose 
them ; until the latter, acquii’ing greater density, 
no longer admit of further distention, and re- 
main permanently fixed. This happens fimt to 
the outemmst layer, which is tlie oldest : then 
each succeeding layer becomes consolidated in 
feturn. As soon as the outer layer has become 
too hard to yield to the pressure from wi|pn, the 
growth of the inner layers is immediately dimcfed 
upwards ; so that they each rise in succession by 
distinct stages, always proceeding from the in- 
terior ; a mode of developement which has been 
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ifey Be-Gaadolte tc|^ Ums dmwiag <>«<? 
©f'the^ hiding tabes of a telescope. The whole 
i^ent, whatever hei^t it may attain, never in* 
creases its diameter after its outward layer has 
been consolidated. A circle of leaves annually 
sprouts from the margin of the new layer of 
wood ; these, when they fall olf in autumn, leave 
on the stem certain traces of their former exist* 
ence, consisting of a circuhir impression round 
the stem. The age of the tree may accordingly 
be estimated by the number of these circles, or 
knots, which appear along its stem. The suc- 
cessive knots which are seen in the stems of 
other endogenous plants, as may l)e observed in 
growing com, and also in various grasses, may 
be traced to a similar origin. 

The structure of exogenous trees is more com- 
plicated : for, when fully grown, they are com- 
posed of two principal parts, the wood and the 
bark. The woody portion exhibits a further 
division into the pith, which occupies the 
centre, and consists of large vesicles, not co- 
hering very closely, but forming a light and 
sj>ongy texture, readily permeable to liquids 
and to air; the harder wood, which surround 
the ^lli in concentric rings, or layers ; and thfe 
softer Wood, dr alburnum, which is also deposed 
in cdncentric layers on the outex side * of the 
former. Ikch of these concentric layers of 
wood and of alburnum may l>e further 
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ihto an ’fatBe^ aiBl’eil the 

^ino^erlieMg of less d^stty’ tfadi^ t&is'itttt^nnd 
consistiii^ of a %litef Mlttlais'>tissndt' 
outer portion ts composed Of ttiO^densee. woody 
fibres resulting from the uniihi ’’t^iuumetdits 
vessds with a Oellular mrrdope. biai$L><is 

fumed by concentric layers Of oortioal substslnce, 
of which the innermost tupe deuOminatSd^’the 
Liber ; and the whole is surrounded by an outer 
zone of cellular tissue, termed the cethMr^en^- 
hpe. Of this envelope the exterior surface 'is 
called the Epidermis. • v 

All these concentric zones may be readily 
distinguished in a horizontal section of the 
stem ; which also presents a number of * lines 
called Medullary Rays, radiating from the pith 
to the circumference. They are boraposed 
chiefly of large cells, extending transversely, 
or in the direction of the diameter of the tree, 
and composing by their unimi continuous ver- 
tical planes the whole length of the trunk. 

Every vegetable stem, and also evety branch 
which arises from it, is developed from a germ, 
or bud, which fe originally of inconceivable mi- 
nuteiiess, and totally imperceptible by any' op- 
tical means of which we have the codftaand. 
As soon as it becomes visible, and its structure 
can be distinguished, it is faUnd to cdtvtbln 
within itself the parts whiq^ are to arise from it, 
in miniature, and folded up in the smallest possi- 
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o«naffi^4 ,!,’y)hift»P9s^iP¥4e»twN. t« iom ^ 
fA$stttii»)giw}}|i^ie3^pj¥^ m li!r^4^ a»d 
IteigH h^i {Hdnctpally the }gtter» 8<^ tbgt it .rises 
flte(itf/piMiiri^4win^ a mtaia peried* ^J^tU the 
^hfesjaflqtture the^tsdi^ity w»d sts^ijgth oeces- 
sa*|r »ot only for their own.sapport, b^jt ahfo for 
sttstaiiring the parts which are to bo 'further 
added. In trees this process generally occupies 
one whole seasmi ; during which the growth of 
the first layer of wood, with its central pith, and 
its covering of a layer of bark, is free and unre- 
strained. On the second year, a fresh impulse 
being given to vegetation, a new growth com* 
menoes from the upper end of the original step, 
as if k were the developement of a new bud ; 
and at tip same time a layer of cellular tissue is 
fonned by the deposition of new mperials on 
the outside of the former wood, and between it 
and the bark. This is followed by a second 
layer of wood, enveloping the new layer of cel- 
lular tissue. 

The effect of this new growth is to compress 
the layer of wood which bad been fprpcd during 
the first year, and to impede its fiirtherextenspp 
in breadth- But as its fibres, consisting (ff vessels 
and fells, are not yet consolidated, and adipit, of 
still greater expanskm as long as they are 
plied with nourmhment, th^r growth, which is 
restredned lateralljl^is now directe4 upwards, 
and there ,is no mrther enlargement of thpr 
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Fnim the ai^t|Mef;«ap8« the-ptbciiiinot 
increase ift size ; and is even fottnd t^tdittimiaii 
bylil^ pn^urenfthe^ui^ouiiiitifig w<>©d,!ir®ili8 
the vertienl dieiigaftHMa the enlicef ftenfeonfs 

tripes during" the ««idi£ie <rf theHsecond^atj^iid 
the 'trunh hecomes suffieiendy ett^gthened hy! 
the addition of the second layervoh its outside; 

to hear t^ inorease of its height. ui ! f, 

While jtlds process is going on ia^the i«nood4 
conesponding changes take place m the'haak’, 
and a newdayer is added on its inner suritee^ 
or that which is contiguous to the wood. This 
layer constitutes the liber. All these new depO- 
siti(»^s must of course tend to stretch the -out^ 
porti<ms<d‘ the bark, which had been first formed, 
and whidi yield to this pressure to a certain 
extent ; but, becoming themselves conscdidated 
by the effects of the same pressure^ tliey acquire 
increasing rigidily; and, the same cause con^ 
tinuing to operate, they at length give way ^ 
in various places, forming those deep oracks^ 
which are observable in the bark of old trees, 
and which give so rugged an appearance to 
their surface. The cuticle has, long before this, 
peeled off', and has been succeeded by the con- 
solidated layers of cortical envelope which^^fMim 
the epidermis. Bat the' epidermis, which is oon>' 
tinually splitting by the expabaon of the 
it encloses, itself soon dec||yb bnd is oonstandy 
succeeded by fresh lay^^^rof^hll^ by the 
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Stone proidess of c(»yso)fdatioii in the suligecent 

cerdeal dabetanoe. 

‘Bdring the tiiit^ and each succeeding year, 
the eame process is repeated ; new layers of 
cellnlaf! texture and of woody fibres are deposited 
aroundtthoseof the preceding year’s growth, and 
a new internal coating is given to the lib^ of the 
bark. The compresang power continues to be 
exCTted on the internal layers of wood, directing 
their growth vertically, while they are capable 
of elongation, and can be supplied with nourish- 
ment. In time, however, by continued pressure, 
and accumulating depositions of solid matter, 
the vessels and the cells become less and less 
pervious to fluids ; till at length all further dila- 
tation is prevented. But the tree still continues 
to enlarge its trunk by the annual accessions of 
vigorous and expansible alburnum, and to take 
its stetion among its kindred inhabitants of the 
forest; till, arriving at maturity, its majestic 
form towers above all the junior or less vigo- 
rous trees.* 

The developement of eac-li branch takes place 
in the same manner, and by the same kind of 


• It k 'tentended by Dr. Darwin and other writers on veg^i 
table physiology that each annual shoot should be regarded #• 
a collection of individual buds, each bud being a distinct indivi- 
dual plant, and the whole tree an aggregation of such individuals. 
I shall have occasion to reU^o this question when I come to 
consider the 8ubj*(j|l^»veg^iite nutrition. 
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that the trunk^F! liheriluils fimn 
which they- ofi^atei ; spring fi»m the ? act^ 
limned by the. stalk iiriiicb‘silpp 0 ]^ia.ilmf»i and 
fdrich is teimed by botanists the 
lia£. ^ A iaw'iof ^^Dtinetry as esrithlishied'ihy 
nature in the -developemmfe ofs aft !th6a|>8rtis 
of plants. The leaves, in paetidilaryfaaei iro- 
quently abs&ved to arise in aeircle,? or synAne- 
Nasally vfonnd the paraat stem; forming lahiat 
m termed a whorl, or, in botenical .langut^i<a 
%^ticillatod arrangement. In other cases they 
are fonnd to have their CM'igins at equal intervals 
of a spind line^ which maybe conceived to be 
drawn alrnig the stem, or the branch from which 
they grow. When these intervals coixespcmd to 
the semi-circumference of the stem^ the leaves 
alternate with one another on its opp^ite sides. 

The stmm of most plants, even those that are 
perfectly erect, exhiWt a tendency to a spiral 
growth. This is observable in the fibres of the 
wood of the pine, however Haight may be the 
direction of the whole trunk. This tendency is 
shown «v®n in the epidermis of the cherry tree, 
it may be stripped off with more: facility in 
a spiral direction than in any .othf^. The iKri- 
xmtive direction of the leaves of mtdc^enmis 
plants is<a‘ sjural one. It is j^rticulariy 
ateo m f the stems of creepers and of pmasitic 
plants, which are geneoite twisted, , thi^g^ut 
their whole lengffi ; a cBii!iki|g||||id€9itly con- 
ducive to the purpose of their lUPPiion, nam^y, 
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'that hcM^^oi tiie dbjects with whit^ 

iSMT^ctHotie in oftntaoh<and twialng round thmi 
’in) s^aardh both of'TidartishiBeEit ol supjMirt. 
•l^itwi^ted' steins <^<0^ the hei|> cmd of ivy show 
this^ otroetiitTe in a remarkable degree, and the 
purpose f(M^ which this tendency was givm can- 
net be. mistaken. n 

)' A') conjecture has bem ofiered that this ten- 
dency to a 'spiral growth m%ht be the effect 
of the influence of the sun’s lights acting succes- 
sively on different sid^ of the plant, in the 
couree of its diurnal motion. In these northern 
latitudes the direction of that motion is from east 
to west; or, to an observer facing the south, from 
left to right. That light has a powerful influence 
in determining the direction of the growth of all 
the parts of the plant which are above ground, is 
mani^t to every one who bas observe the 
habits of vegetables. If a growing plant be 
placed in a situation where the light reach^ it 
only bn one side, it will always, by degrees, turn 
itself to that side, as if eagerly pressing forward 
to obtain the beneficial actkm of that agent. 
The ieaVeSi whose functions in a more especial 
mannOr require its operation, will always be 
found turned towards the light. The branches 
ofm bfee, which haye naturally a tendency to rise 
vmtioaHy,)hfrve this tendency modified by the 
supetfor atoraction the light, whto it can 
reach themj|||||||||^eiRny. Thus while those mi 
the upper pm|pread out in full luxuriance in 
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fdi* directions, thc»e befenir theai are oWiged to 
expand natwe in a lateral direction i and this is 
still more the case "w^ith the lowest branches, 
which shoot out horizontally to a considerable 
dit^nce before they turn upwards, and present 
their leaves to the light. Often, however, from 
the deficiency of this necessary agent, their 
growth is much stinted, or entirely prevented. 
The operation of this cause is extensively seen in 
the interior of a dense forest. 

It may be objected to the theory of the spiral 
growth being the result of the sun’s motion, that 
were it so, the direction of the spiral would 
always be the same, that is, ascending from left 
to right with reference to the axis. But this is 
not found to be the case, for the direction of tlie 
turns, though generally constant in the same 
plant, is far from being the same in all. l>r. 
Wollaston ingeniously suggested that a verifica- 
tion of the theory would be obtained were it 
found that plants transported from the southern 
to the northern hemispheres, would have this 
direction reversed ; for it is evident that the 
motion of the sun’s light in the two hemispheres 
is in <^posite directions ; being, in the southern 
hemisphere, from right to left, to a spectator 
facing the meridian position of the sun, which 
in those rc^idns is to the north. But, the fecte 
are not in accordance n ith^is view of the sub- 
ject; so that we may hypothesis 

as untenable. 
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, Tlie rootE. 4iflfer conaiderabiy firom tluB .$<:e]»8 
both i in , tbeir sb’Ofiture^ / and ^in th^r mode of 
giowtbo They exhibit, indeed^ * tbe< appearance 
of mednUary mya and of concentric? layere, but 
they are destitute of any central pith,; aud they 
have no trachea? ; neither doe^ their snrfa«» 
present Jiny appearance of stomata. They in- 
crease ill tliickness in the same way as the 
increases. This law obtains both in exogenous 
and endogenous plants : they do not, however, 
grow iOi length by the elongation of any of their 
parts, hut simply by additions made to tiieijr 
extremities. Tlieir ramitlcations are not the 
result of the developement of buds, as are the 
branches of the stem ; but they arise merely 
from the additional deposits taking difterent di- 
rections. Almost every part of the surface of tlie 
stem or branches may shoot forth roots if they 
are covered with earth, and properly moistened, 
and if tliey are supplied witli sap from the cir- 
culating system of die plant itself. It is ob- 
served, however, that they generally grow from* 
certain points on the surface of the hark, which 
appear as dnrk spats, and are termed 
Great variety exists in the form and di^iosition 
of mots in i different families of plants, according 
to the particular purposes they, are intended to 
serve, conformably to their general hincti«B«nf 

♦ Tbi* mime Invert fo thto by De Oan4<>!fe, Atinale* des 
Sciences NatutSijif'II, J . and Organ ographie, I, 94^, 
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abecjrpiticMi and of* mechanical Balh 

tiieae piiTpioses are promoted by tbmr eaidingi 
<mt their sidi^ numeroms ilbuils, orfiBeemr, 

jrocts, which increase firm hold apon thb 
sotly as Well as multiply the ehdimels> forithe^ 
introduction ef nourishment. * * « 

Natme has supplied various plants with efer> 
tain appendages to the above mentioned istruof 
tures, the use of which are for the moett {nut 
sufficiently obvious. Of tiiis description are the 
tendriist which assist in fixing and precurk^ 
support to the stems of the weaker plants ^ the 
stipuliP, which protect the nascent leaves; and 
the bractm, which perform a similar office to the 
blossom. The different kinds of haira^ of down,* 
^ thorns, and prickles, which are found on the 
sur&ce of different pltmts, have various uses; 
some of which are easily understood, particu- 
larly that of defending the {dant fi'om molesta- 
tion by animals. The sting of the netde is of 
this class; and its structure bears a striking 
^analogy, as we shall afterwards have occasion to 
notk%, to that of the poisonous fangs of s^penls. 

The purposes answered by the down, which 
covers a great number of plants, are not very 
obvious. It perhaps serves as a protection from 
the injurious effects of cold winds on the tender 
surface: or it may have a rehition to the depo» 

• Hie finer hiirs, and filaments^f dd»n^ Wre corapd^ of 
elongated cells, either single, or several c^join^ end to end. 
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skidi of moin^Fei;. orv as k may be farmer eon« 
jectmed, tbe number of points whic^ are thus 
presented to tbe sur may be designed to c<mvey 
deetridty firom tbe. atmosphere, or to restore tbe 
electric equdibiiumi, twhich may have been dis- 
turbed by the processes of Vegetation, i n ' 
la the analler parts of plants, as in the ge- 
neral falmc of the wh<de, we find, on examiiia>- 
tion^ the most admirable provktion made,- ac<- 
cording to tbe particular circumstances of the 
case, for the mechanical objects of cohesion, 
support and defence. Thus the substance of 
tbe leaf, of which tlie functions require that a 
large surface be expauded to tbe air and light, 
is spread out in a thin layer upon a frame work 
of fibres, like rays, connected by a net- work of 
smaller fibrils, and constituting what is often 
called the skeleton of the leaf. 

In all these vegetable structures, while the 
objects appear to be the same, the utmost variety 
is dii^layed in the means for their accomplish- 
ment, in obedience, as it were, to tlie law of diver*-* 
sity which, as has been already observed, seems 
to he a leading principle in all the productions 
of nature- It is more probable, however, judgii^ 
from diat portipn of the works of creation* which 
we tme cdmpetent to understand, that a specific 
design has r^ulated each existing variation of 
form, although that design may in general be 
utterly beyopd the imited sphere of our intelli- 
gence. 
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\ 4. Animal Organization, 

The Btractures adapted to the purposes of vege- 
table life, which are limited to nutrition and 
reproduction, would Ire quite insufficient for the 
exercise of the more active functions and higher 
energies of animal existence. The power of 
locomotion, with which animals are to be invested, 
must alone introduce essential differences in their 
organization, and must require a vmiou of 
strength and flexibility in the parts intended 
for extensive motion, and for being acted upon 
by powerful moving forces. 

The animal, as well as the vegetable fabric is 
necessarily composed of a union of solid and 
fluid parts. Every animal texture appears to be 
formed from matter that was originally in a 
fluid state ; the particles of which they are eom- 
* posed having been brought tc^ether and after- 
wards concreting by a process, which may, by a 
metaphor borrowed from physical science, be 
termed animal crystallization. Many of those 
animals, indeed, which occupy the lowest rank 
in the series, such as Meduste, approach nearly 
to the fluid state ; appearing like a soft and 
transparent jelly, which b|^ spontaneous decom- 
position after death, or by the application of 
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heat, is resolved almost wholly into a limpid 
watery fluid.* More accurate examination, how* 
ever, will show that it is in reality not homoge- 
neous, but that it consists of a large proportion 
of water, retained in a kind of sptMigy textuife, 
the individual fibres of which, from their extreme 
fineness and uniformity of distributton, cRn with 
difficulty be detected. Thus even those animal 
fabri<», which on a superficial view appear most 
simple, are in reality formed by an extreanely ar- 
tificial and complex arrangement of parts. The 
progress of developement is continually tending 
to solidify the structure of the body. In this 
respect the lower orders of the animal kingdom, 
even when drived at maturity, resemble the 
conditions of the higher classes at the earliest 
stages of their existence. As we rise in tlie 
scale of animals, we approximate to the con- 
dition of the more advanced states of develope- 
ment which are exhibited in the highest class. 

Oreat efforts have been made by physiologists 
to discover the particular structure which might ‘ 
be considered as the simplest element of all the 
animal textures; the raw material, as it were, 
with which the whole fidjric is wrought: but 

A itledam, weiffoinf twenty or thirty pound*, wW, 1^ 
t^j^,sort,^g€»er»ii liquefacuon, he found , reduced few 

grains of solid matter. Peroii, Annaies di| Musee, tom. XV, 
p. *See aW a memoir fy Quay and (rotmard,* Aiitrales des 
Scietices Maturaltes, tom. 1. p. :245. 
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tfeeir laboHTO have hitherto been fniitless. Fan- 
ciful hypotheses in abundance might be adduced 
‘ on this favourite topic of speculation ; but they 
have led to no useful or satisfactory result. 
Haller, who pursued the inquiry with great 
ardour, came to the conclusion that there existed 
what he calls the simple or primordial fibre, 
which he represents as bearing to anatomy the 
same relation that a line does to geometry. 
Chemical analysis alone is sufficient to overturn 
all these hypotheses of the uniformity of the 
proximate elementary materials of the animal 
organs : for they are found to be extremely di- 
versified in their chemical composition. Neither 
has the microscope enabled us to resolve the 
problem: for although it has been alleged by 
many observers that the ultimate elements of 
every animal structure consists of minute glo- 
bules, little confidence is to l>e placed ip these 
results obtained by the employment of high 
magnifying powers, which are open to so many 
sources of fallacy. That globules exist in great 
numbers, not only in the blood, but in all ani- 
mal fluids, there can be no doubt: and that 
these globules, by cohering, compose many of 
the solids, is also extremely probable. But it is 
very doubtful whether they are essential to tlie 
composition of other parts, such as the fibres of 
the muscles, the nerves, the ligaments, the ten- 
dons, and the cellular texture : for the most 
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recent, and aj^rently most accurate microscop-- 
ical observations tend to show that no globular 
structure exists in any of these textures.* 

The element which we can recognise without 
difficulty as composing the greater portion of 
animal structures, is that which is known by the 
name of the cellular texture. Although bearuig 
the same designation as the elementary material 
of the vegetable fabric, it differs widely from 
it in its structure and mechanical properties, 
It is not, like that of plants, composed of a 
union of vesicles ; but is formed of a congeries 
of extremely thin lam i nee, or plates, variously 
connected'together by fibres, and by other plates 
25 which cross them in different direc»- 

tions, leaving cavities or cells. (Fig, 
25). These cells, or rather interven- 
ing spaces, communicate freely with 
one another ; and, in fact, may be 
considered as one common cavity, 
subdivided by an infinite number of partitions 
into minute compartments. Hence the cellular 
texture is throughout readily permeable to fiuifis 
of all kinds, and retains these fluids in the maur 
ner, and on the same principle, as a sponge. 

The cellular texture is not only the element, 
or essential material employed by nature in the 

• See the Appendix to Dr. Hodgkin and Dr. Fisher 8 translation 
of Edwards’s worh on the Influence of Physical Agents on life, 
p* 440. 
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dMJstrttctitm of ali the parte of the animt^ 
fabric*, but, itt its simplest form, it consritut^ 
the getieral medium of connexion between 
ladjacent organs, and also between the several 
^arte of the same organ. Like the mortar 
which unites the stones of a budding, the cel- 
lular texture is the universal cement employed 
to bind together all the solid structures. Its 
properties are admirably adapted to the me- 
chanical purposes which are required in dif- 
ferent parts of the frame : and these properties 
are variously modified and adjusted to suit the 
particular exigencies of the case. When, for 
instance, diflferent parts require to be moveable 
upon each other, the cellular • substance inter- 
posed between them has its state of condensation 
adapted to the degree of motion required. That 
which connects the muscles, or surrounds the 
joints, and all other parts concerned in extensive 
action, has a_ looser texture, being formed of 
broad and extensible plates, with few lateral 
adhesions, and leaving large interstices ; while 
in the more quiescent organs, the plates of the 
cellular substance are thin and small, the fibres 
short and slender, and their intertexture closer 
and more condensed. 

Besides being flexible and ext^ible, tlie cel- 
lular texture is also highly elastic, a property 
which is exceedingly advantageous in the con- 
struction of the frame. Not only the displace- 
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ment of parts is resisted by tbeir elasticity, ]^t, 
when displaced, they tend to return to their 
natural position. This property performs a 
more important part in the mechanism of the 
animal tlian of the vegetable system ; as might, 
indeed, have been anticipated from the more 
active and eneigetic movements required by the 
functions of the former. 

The cellular texture, in its simple form, admks 
of the ready transmission of fluids through it ; 
but it is necessary, on many occasions, to inter- 
pose a barrier to their passage. Such barriers 
are provided in nmnbranes, which are merely 
modiflcations of the same material, spread out 
into a continuous sheet of a closer texture, after 
the surfaces of the plates have been brought to 
cohere so as to obliterate all the cellular in- 
terstices, and become impervious to fluids. 
Though equally flexible and elastic with the ori- 
ginal texture of which it is formed, the mem- 
brane has acquired, by tliis consolidation, greater 
strength and firmness, properties winch adapt 
it to a great number of important purposes.* 

Membranes are extensively employed to con- 
nect distant organs, and often serve to determine 
the direction and extent of their relative m<Ak)ns. 

• With a view of asceitaminf the actual strftnftli of lAem- 
braufis, Scarpa stretched a portion of peritoneum, is a vjery 
thin membrane lining the abdominal cavity), over a hoop, and 
placing weights upon its surface, found it did not give way tilt it 
was loaded with fifteen pounds. 
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They ' fiinaiah strong coverings for the invest- 
ment, the suppfprt, and the protection of all the 
important organs of the body. What Paley 
has termed the package of the organs is effected 
principally by their intervention. Membrmaes 
are also employed to line the interior of all the 
lafge cavities of the body, as those of the chest, 
and of the abdomen, or lower part of the trunk 
containing the organs of digestion. These m^- 
branes, after lining the sides of their respective 
cavities, are reflected back upon the organs 
which are enclosed in those cavities, so as to 
furnish them with an external covering. Their 
inner sides present every where a smooth and 
polished surface, over which the organs con- 
tained in the cavity may glide without injury. 
In all these cases, a thin fluid, called serum, 
is provided, which moistens and lubricates the 
surfaces that are in contact with one another, 
and obviates the injury that would otherwise 
arise from friction. From this circumstance, 
the linings of these cavities have been termed 
sermts membranes. In the neighbourhood of 
joints, closed cavities of the same description, 
but of smaller size, are met with, for the obvious 
purpose of facilitating motion ; and here also 
Mction is prevented by a highly lubricating fluid, 
tmimed synovia, which is poured out between the 
surfaces of the membrane lining the caviti^. 

Membranes, being impermeable to fluids, are 
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extensively employed as receptacles for retain- 
ing them: Arming, in die firet place, sacs, or 
poaches of various kinds for that purpose. The 
ink-bag of the cuttle fish, the gall-bladder, and 
even the stomach itself, are examples of this 
kind of structure. The coats of these sacs, 
being very extensible and elastic, readily ac- 
commodate themselves to the variable bulk of 
their contents. 

In the second place, we find membranes 
composing tubes of various descriptions for con- 
ducting fluids. Thus, in the liigher classes of 
animals, the whole of the body is traversed by 
innumerable canals conveying difterent kinds 
of fluids. These canals, when uniting into 
trunks, or subdividing into branches, are called 
Vessels (Fig. 26). 



The fluids contained in vessels are never 
stagnant, but are almost always carried forwards 
in one constant direction. For preventing the 
retrograde motions of the fluids passing along 
these canals, recourse is had to the beautiful con- 
trivance of valves- The inner membrane of the 
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vessel ia emplc^ed to cwaatnict these valves ; for 
which purpose it is extended into a fold having 
the shape of a crescent; fixed by its convex 
edge to the Mdes of the vessel, while the othCT 
edge floats loosely in its cavity. Whenever the 
fluid is impelled in a direction contrary to its 
proper course, it raises the loose edge of the 
valve, which, bding applied to the opposite side 
of the canal, effectually closes the passage. On 
the contrary, it presents no obstacle to the na- 
tural flow of the contents of the vessel, both 
edges being then closely applied to the same 
side. Frequently two, or even three valves are 
used at the same part, their edges being made 
to meet in the middle of the passage, like the 
floodgates, or locks of a canal * Among the 
numberless instances of express contrivance 
which are met with in the examination of the 
fabric of animals, there is perhaps none more 
striking and more palpable, than this admirable 
mechanism of the valves. 

As we ascend from the simpler to the more 
complicated systems of organization, adapted 
to a greater range of faculties, we find greater 
diversity in the mechanical means employed 

* Fig. 27, represetSiting the set^ion of a vessel, is iotended 10 
show the position of the valves when applied to the sides of the 
vessel, by the stream moving onwards in the direction pointed out 
by the arrow. In Fig. 28, they are seen closing the passage 
by the retrograde pressure of the current. 
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for carrying on the functions of life. Textures 
of grosser strength than can be constructed by 
membranes alone become necessary for the 
security, the support, and the defence of im- 
pwtant organs ; and more especially for tlie 
execution of extensive movements. For ob- 
taining these advantages a peculiar species of 
fibres is provided, formed of a much denser 
substance than even the most consolidated 
forms of cellular texture. The animal product 
termed albumen possesses a much stronger 
cohesive power than gelatin, which is the basis 
of membrane. The addition of albumen, tliere- 
fore, procures the quality required : and the 
fibres that are produced by its combination 
with gelatin are opaque, and of a glistening 
white colour. By interlacing fibres thus com- 
posed, a close texture is formed, which is ex- 
ceedingly tough and unyielding. These Jibrom 
textures, as they are termed, while they retain 
the flexibility of membranes, greatly surpass 
them in strength ; but, being at the same time 
incapable of extension, they are necessarily de- 
void of elasticity. Hence they are adapted to 
form external tunics for the investment of such 
oigans as are not intended to vary in tlieir sizeA 
Occasionally these fibrous capsules, as they are 
called, send down processes into the interior of 
those organs, for the purpose of giving them 
mechanical sup[>ort. This is the case, for in- 
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stemce, with membranes surrounding the 
brain of quadrupeds, and which form two par- 
titions, the one vertical, the other horizontal; 
b<rth being firmly stretched in their respective 
positions, and serving to divide the pressure. In 
other cases these sheets of fibrous membrane 
are employed as bandages, tightly bracing the 
muscles, and retaining them in their relative 
situations. The joints are surrounded by similar 
bandages, known by the name of Capsnlar Li- 
gaments. 

In following the series of animal structures in 
the order of their increasing density, we find the 
proportion of albumen which enters intd^ their 
composition becoming greater, while that of the 
gelatin and mucilage diminishes. When the 
product is more uniform in its composition it is 
in general less elastic than when it consists of a 
more complex combination of ingredients. A 
great preponderance of albumen tends also to 
diminish the elasticity. Thus the densest kinds 
of fibrous texture present, instead of thin and 
broad expansions of elastic membrane, the thick 
and elongated form of inextensible cords, con- 
stituting the ordinary Ligaments, and the Ten- 
Aims. These structures resist with great power 
any force calculated to extend them : a property 
which of course exclude elasticity, but, when 
united with flexibility, implies great toughness. 
In a word, they possess all the qualities that can 
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be desired in a rope* It will hardly be credited 
how great a force is required to stretch, or rather 
rend asunder a ligament ; for it will not yield in 
any sensible degree until the force is increased 
so enormously as at once to dissever the whole 
contexture of its fibres. Nothing can be more 
artificially contrived than the interweaving of 
the fibres of ligaments ; for they are not only dis- 
posed, as in a rope, in bundles placed side by 
side, and apparently parallel to each other : but, 
on careful examination, they are found to be tied 
together by oblique fibres curiously interlaced, 
in a way that no art can imitate. It is only after 
long maceration in water, that this complicated 
and beautiful structure can be unravelled. 

The mechanical properties of these fibrous 
structures, which are strictly inextensible liga- 
tures, render them applicable to purposes of 
connexion where motion is to be restrained. 
Many cases, however, occur in which a sub- 
stance is wanted, uniting great compactness and 
strength with a considerable degree of elastic 
power. For this purpose a different texture is 
fabricated, consisting of twisted fibres, which 
impart this required elasticity. Such is the 
structure of the clastic ligaments of animalsi,- 
which are very generally employed for the 
support of heavy parts that require being 
suspended. An instance occurs in quadrupeds, 
in that strong ligament which passes along the 
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anti neck to be fixed to tbe head, aiMl= to 
aupptnt its weight when the animal stoops to 
gnc&e. This, the ligamentum nuchee, as it is 
termed, is capable of great extension, and by 
its elasticity reacts with considerable force in 
recovering its natural length, after it has been 
stretched. This ligament is particularly strong 
in the Camel, whose neck is of great length.* 
Another example of an elastic ligament occurs 
in that which connects the two shells of bivalve 
moUusca (as those of the oyster and muscle), and 
which keeps them open when the animal exerts 
no force to close them. The claws of the Lion, 
and other animals of the cat tribe, are rel^feicted 
within tlieir sheaths by means of two strong 
elastic ligaments. Structures of this kind are 
employed very extensively in the fabric of in- 
sects.t ® 


* Many birds are provided with strong clastic ligaments con- 
necting the vertebrae of the neck with those of the back ; liga- 
ments of the same kind are also employed for retaining the wings 
close to the body, where they are not used in flying: and a 
similar provision is irjade in the wings of bats. The wei^t of 
the bulky organs of digestion in herbivorous quadrupeds require 
some permanent support of this kind ; and this is f^urnished by 
a broad, elastic, fibrous band extended across the lower part of 
the abdomen. It is particularly strong in the elephant, which 
remains more constantly in the horizontal position than inost 
quadrupeds : and it has been remarked that the general cellular 
texture in this anima| has an unusual degree of elasticity — 
Hunter on the Blood, drc. p. 1 12. ^ 

t Chabricr, Memoires dii Miisee, tom. vi. p. 416. 
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The animal substance which comes next in 
the Torder of density is Cartilage. The purposes 
for which this kind of structure is employed are 
those in which a solid basis is required for the 
support of softer or more flexible parts, and 
where the mechanical properties that are wanted 
are firmness, conjoined with some degree of 
elasticity. Cartilage (or gristle) is composed of 
a finer and more uniform material than any of 
the preceding structures. It consists almost 
wholly of albumen, with a slight proportion of 
calcareous matter. Unlike membrane in any 
of its forms, it contains no fibres, but, on being 
cut '(mil a sharp knife, presents the appearances 
of a dense homogeneous substance of a white 
pearly hue. Its surface is smooth, and where 
it is exposed to friction, as in the joints, is ofteh 
highly polished. 

In all the inferior tribes of animals Nature 
employs cartilage to supply the place of bone 
when rigidity is required to be given to the 
fabric. In an extensive order of fishes, in- 
cluding the shark, the sturgeon, and the ray, 
we find the whole skeleton constructed of car- 
tilage. In the fabric of very young quadrupeds 
cartilage is substituted for bone; and in the 
adult animal, 'various organs, such as the extCT- 
nal ears, the eye-lids, the nost^Is, and differcmt 
parts of the apparatus of the throat and wind- 
pipe, are composed of flexible cartilage, which 
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ft shape and firamess. 

In all these cases bone, which, besides beii^ 
three times as heavy, is devoid of ehfeticity, and 
liable to fracture, would have been much less 
suitable. Cartilage is often employed as an 
intermedium for connecting different bones, as 
for instance, between the ribs and the sternum, 
or breast-bone ; whereby, besides the advantage 
of greater lightness, the pliancy of the material 
diminishes those jars which are incident to the 
frame in all its violent actions. 

In the construction of cartilage, nature seems 
to have attained the utmost degree of density 
which could be given to an internal ^ture 
composed merely of the usual animal consti- 
tuents. But substances of still greater hard- 
ness, united with perfect rigidity, are wanted, 
in numberless instancesJIlir giving effectual 
protection to soft and delicate structures, for 
supplying a firm basis to the framework of the 
body, and for constructing levers of various kinds 
to be employed in the more energetic move- 
ments of the higher animals. For all these pur- 
poses it was necessary to superadd a material 
endowed witli stronger cohesive powers, and 
capable by its dense concretion of forming solid 
and inflexible organs. The substances which 
nature has selected for this office are the salts of 
lime, Sopetimes the Carbonate, and sometimes 
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the P^phale oi lime is employed for lining 
^bese hard aod unyielding structures ; and often 
both th^ calcaremis substances are united to^ 
gether in diiarent proportions in the same solid 
fabric. When the carbonate of lime predomi* 
nates, or is the sole earthy ingredient, it consti* 
tv^ Shell: when there is a greater propwtion of 
the phosphate, it is called a Cntst, as is the 
case with the coverings of the lobster and the 
cmb : when the earthy matter consists almost 
wholly of phosphate of lime, it compel the dif- 
ferent forms of Bone. I shall have occasion to 
descr^ the formation and properties of each of 
these wructures in the sequel. 

The protection of the delicate structure of the 
fabric from the injurious influence of external 
agents is an object of great importance in the 
animal economy, I|l||i8 one which nature has 
shown extreme solicitude to secure. For this 
purpose she has provided the integuments, under 
which designation are included not merely the 
skin, but also all the parts that are immediately 
connected with it, and are formed and nourished 
by the same vessels. No parts of the animal 
structure present greater diversity in their form 
and outward appearance than the integuments ; 
yet it is easy to discover, amidst all these va- 
rieties, that the same general plan has been fol- 
low^ in their construction, and that e^ush par- 
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rasuit jaliia/teopibiiitttiqp 
(cf »tlie, 4BiBiae Smmntmy^ Btriicl^e^ uK)tf(rtihiaie 
demalfK tb^wmoetiim{Kartejat,r;culdHth^ Wfaidb 
glBneimUTri'c^Maa^Qsas the ohiefnba^ 
iatthe €ormmi, or* trae 'akin^ tThe oviNwiioM 
h teivmed> tbc’ JSpMermit^ €ntwle>i or 
andfbteliweea these tliem is leundi an.liiffe!^ 
nabciiate ia^er (iienominated the MeH 
or tibe m' .s ‘ -hiI 

< The coriusn is generally of conakkrahle thiokf 
«easi uad is composed of strong and tough fihhes, 
eJAsely compacted together, and pervaded ,by 
iHnuinorable mniihcatiojos of Wood-vesst^ ,of 
every kind^ it is endowed widi giieat,de;;ih}itty, 
and is capable of being considerably extended/; 
prd^erties which fit it for r^dily accommjodialiiib 
itself to all the nuwements of the body abd 
kmbs, and to the variablUilalk of tthe peeta d 
covets. Being also very elastic, it soOn regsitls 
its natorai form and dimensions when Iefli.<l0 
itself after being stretched. The skMi is itfon- 
nected with the subjacent muscles and< !0hef 
parts by a large tguantity of oeliidar 
whidb, according to the particular iatei»hMN9S.4f 
its formation, smnetimes binds it tightly. .'Ofdr 
these parts, and on otlter occasion^ aUoWts >a 
foee and extensive motion. This latter property 
is gmEoarkably* exeanplided in the, 
ankaal in which the idun hangs looselynont thf 
limbs, and encloses the body like a wide eiasd^^ 
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gaiiaient ; 80 that/ howe^^ firmly u jjersmiimay 
attempt to gra^ the animal by the neck, it can 
^n^ly bum its head completely rounds and bite the 
fingeis that are holding it. In like manner the 
skfea of the firog is attached to the body oiily at a 
few places, imd may be readily stripp^ off. A 
thm layer of muscular fibres is often found lying 
immediately underneath the skin, and is provided 
for the purpose of moving it over the 8ubjaCei\t 
parts. In animals that roll themselves into a 
ball, as the hedge-hog, these muscles are of 
great size and importance. We shall see th^ 
in the mollusca, this muscular apparatus is inse- 
parabfy blended with the integument, and cora- 
[x>8e8 a peculiar structure, termed the mantle. 
Immediately covering the corium is the Rete 
Mucosum, which is a very thin layer of soft; 
animal matter, comi^mbd of a net -work of delicate 
fibres, and containing more or less of the material 
from which the colour of the skin is derived. 

The Epidermis is a membrane of a very 
jmiuliar nature, consisting of a thin expansion jof 
albuminous matter, apparently homc^eneous in 
its texture and ctsmposition. It is impervious to 
fiuids, although capable of imbibing moisture, 
and of slowly transmitting a portion to the sub» 
jacent textures, its thickness varies exceedin^y 
in different parts ; being adapte^ to the kind of 
protection it has to afford against pressure, 
friction, or other causes of injury. A# it is not 
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I H the wtefiWtm'At.* 

Wir^’t^^iay/ t^1>^m6^ bf 

ward Ikyer ’genmfily takes pUm^^froiwitime «e» 
tiflB^, the loss bdng speedily te|^re(i>byia>fi'esh 
growdi fiwm the surfkce in contact' thd skfi». 

process is often pk’^med pertodkallyv* as 
is inost remarkably extmipli^ied in serpente. 

Special provisions are made for preservinfp 
the cuticle in a healthy condition; and mom 
{idittoalaiiy for defending it from the u^urkftts 
JtastSon of the surrounding element. These some* 
times Consist of a supply of oily fluid, prepared 
in smaH cavities that are «tuated iii thb skin 
itsdf, and have minute ducts opefning upon tfee 
surface. These cavities, termed sebaceoutJfbUUIes, 
alrC gCnertdly interspmsed in greatt numbera cm 
dt#erent parts of the body, abounding more 
especially in those places where folds occur, asid 
wliere there is tlve greatest friction. In listtes, 
mofiusca, and other aquatic animals, the skin is 
at all times defended trom the action Of the 
water ty a viscid or glutinous secretion, pren 
pASed in this manner, and continually ponred 
out >©n 'the surface, thnmgh^ducm, the orifices i<rf 
r^ich are easily seen with tibe finked eye, Am * 
posed in a line on each side of the body. • * > » 
^OhtidMed with ^e skin; and more^partibu- 
Hriily'Widb dre'cuticle, are 8ftiiotutes<of>'vejry|ta^ 
ilous fi^rms,* ifitetaded fbr giving ^addftionsd' pact* 
tedtioB, occasii^ally contributing theis adduiii 





t 

- pflDgfeqaiv# pojtpioii^iiMid, e<p(tetiiiiQ# |aiJ|jk)o^ 
iiulp , lA,tiu3 Glasfii, 

iooliiM 0 th0tim)riNe^ept ai Mr* 

M, l«AthieiP,}brlstlt^ Mils* w^U 

^ ordinary iMiids of bail. All tha$o 

resomblei tha cutiok in thoir chetnioal conijiQr 
siitioa, differing only in their degrees of iiardaeoe 
and cmulepsatlotn, Horn is formed of the same 
material as hair ; as are also the nails> the hoofs, 
and ithe claws of quadrupeds, and the scales of 
fidbes^ leptili^, and other animals. The integu- 
ments of insects, and especially their more solid 
and homy coverings, contain, however, as will 
hemafler he noticed, a peculiar chenucal prin- 
ciple termed MnUumhm. 

AH these parts seem to be but remotely con- 
nected with the vital actions of the system with 
which they are associated; and it is doubtful 
how far they are to be considered as apper- 
taining to the livmg portion of the body, or as 
mere extraneous appendages . Y et, however they 
may differ in their forms, uses, and external ap- 
peamt)<^ Hiey all are produced by the same 
kind of vascular structure, variously arranged to 
suit the particular circumstances in each case: 
aikd the mode of their developement and growth 
is essentis^y the same in alL 
iAik ctxtrmnely delicate and ftnely qigapisM 
pulp/ composed partly of a cmjgerb* of nstoote 
vesspla, partly of a gelatinous subsMpo* iu 
whi6h these vessels ^ are embedded, constitute 
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whifehutho'iimtiiefiit ^pai^les 
are edbated^ tijombined aDDd<>^al 90 fabe 4 (mto$tibe 
emt^alBJof the inteQiiedslxtk4ura. > .lilieoiii^wadi 
lenil^faitufttion, and dispoBition of thienraacHltar 
pulp, deternatnes the future d^re and ^teatflif 
grcnrth of the production whidh is to atise fntiR 
ki > The roateriais which compose it aite depor 
sited sometimes in masses, as in the scales^ 
the crocodile ; more generally in layers, aB in 



hoefe and nails, and also in the scales of fishes 
nhd occasionally in filaments, as in hair ; which 
Ihfter, again, arc often agglutinated tc^ether by 
a strong cement, uniting them into a hard 
and sdlid structure, of which the horn of the 
rhinoceros is a remarkable example. In all 
Hses, the portions thus successively produced. 


! lamin&t^d structure of the scales of ibhoo {o easily dis* 

*liug^wsho4 by ^pi>lyiog to them a high ra^ujiying power. As 
t^e j>ro^(lth of e;|ch*Rew layer is greator thah ibe last, its edges 
project further, the whole surface having that striated 

lippdatawd^ wlndi renders h an interesting object far liferttecoptc 
etauniuitiom Btgi exhibits the striated surface of the scale of 
the Cyprinus alburnusy and Fig. 30 that of the Perea fiuriatHu^ 
-Ae tmbricfittbd arrangement of these scales, resembliag that of 
the 6n the roof of a house, is shown in Fig. 31. AU these 
figures repiescut the objects highly magnihed. 
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iarb)ta<yil<Mfgca^i«use<^ptiMe ©f being noselBhei, 
aalMl fninii^ of dveir d^oBition^ on* 

ybi^i&o fdVther change accept ^roui'^the action 
ofi«Kternal agents. By the continual additions 
ihaif lase buule to them at their hase^ dr |oeS, 
^niedre the itessels deposit fresh materials, titey 
gradnaliy increase in size, protrude through the 
iskin, and cdntuiue to grow l>y the same process, 
as long as these vessels continue in activity. 

The nature of this process is well exemplified 
in the growth of hair. Fig. 32 shows the appa- 
ratus employed in its construction, in an imagi- 
naiy section of the root, on a magnified scale. 
Every hair takes its rise from a minute vascular 
pulp^ !’♦ of an oval shape, which is implanted 
below tlie corium, or true skin, n.* This pidp is 

invested by a sheath 
or capsule, e. which, 
together with the con- 
tained pulp, and tl^c 
root of the hair thgt 
grows from it, com- 
poses tlie Iml/j of the 
hair. The bulb itself 
is contained in a small 
cell formed by con- 
densed membranes, s, 
to which it has no 



• In the above figure e is a section of the Epidermia, or cuti<do 5 
datted part, », represents the wluation of the subjacoat re(c 

mvfowms rtn<l r>, the dfrm, oi foimm 
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into if.' the lialf, gtowittg 'by km 

^e itoe of tbe fcapsule, which* 
part^ o, of the sh^ft, ^d ffoitt th6’0ht«lidd‘6f‘'lJib 
j)ufp,*’w|ilch foitos the ittnof of teiitfad’^[)art,'l*,^s 
fo^ed upwards till it ha^ pierced th6‘ skinV^md 
m the cdurse of its passage a canal is foiled 'fi«r 
it in the skin itself, and COntinuotis With thM 
which encloses the bulb : and the coulftO cf this 
canal is generally oblique. In the elepharit, 
where the thickness and density of the hidb, 
present considerable obstacles to the pa^kj^ 
of the hairs through it, we may discover,* Oh 
minute examination, many hairs that have dhfy 
penetrated a certain way, as shown at fi, withodt 
ever succeeding in reaching the surface. ’ ' 
An opinion has been very commonly enter- 
tained that each hair, on its protruding from 
underneath the cuticle, e, at the point Q, dktries 
up along with it a portion of this outer integii- 
ment, wMch, stretching as the hair increasbs ih 
length, forms over it a very fine external fttttfc. 
Bht later observations have shoWn that tHI^ Is 
not tl]^e case, and that there lb simply W M- 
heslon of the edge of the cuticle ro the ^hrigtt of 
the ’hair, without any Sccottipknyilig' 
tibn ; so that if the whole bulb be'de^trdyaf.'hifd 
its pulp ab^rbed, the hair mky be db^hed'hy 
the slightest force. * ‘ 



1?^ ^3!^ Bpi ^ tJje pulp on)^ 

l‘?!?^fIW)^t <4 ja,itt f 

Wftb., H nm^p ri^8, abpve ^tlie Sijf^ce of tUe 
«^ip ^ {^d the cavity in, t^o a?i;i» of thf liau^r is 
jC^^her g]radually obUtemtied, or is filled with 
pith, or light spowgy substance, probably 
containing air. Alter a certain period, tl»c hull) 
(Ihninishes in size, from the collapse of t,lie 
vessels, whose powers of supplying nutrhnent 
become exhausted. The first deficiency in its 
nourishment appears in the cessation of the 
deposit of colouring matter, and tlie haif in con- 
sequence becomes grey. After a time, the 
vessels becoming quite impervious, the bulb 
shrivels, the hair is dc'taclu'd, and the caual 
^hich its root occupied in the skin becqmcs 
pl^iterated. 

[The hair of diflerent animals, and even of dif- 
ferent parts of the sanic animal, is very various 
hi i^s shape, texture, and mechanical jiropcrties. 
^Onietiines, instead of being cylindrical, tlie filq- 
ments are more ar less flattened, striated, ll^p|y 
grooved,; or even beaded. Instead of being 
j/|ohd, they may even be tabular : and the;^ ex- 
hihil, also the greatest diversity in their l|n^, 
ihneness, tenacity, rigidity, and disposition to 
,c|ur^, j ,^11 these varieties may be traped to cor- 
responding differences in the fornv and, t^e rcla- 
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t«ii 9 aitx^Qodiof 

imlp w4 it» io mnHimwi 

V sajbfe, -future .af 4l»e organs, by 
at^rformeiA m »ot eftsily vm 

^vdjnary Wnde of iwar, on aeoowit!,pf.|,^b^, 
sunitteGiiess j it is readily 

large whiskers of the feline ^cies, and also of 
the spal^ilrhleb are subservient to more cxtep(|ed 
uses th^ those of merely covering the b(w» 
and which are even supplied with ntarves, c^> 
vcatmg them into instruments of a sense.fof 
tOUCit I ^ p 

In tlie quills of the porcupine a stiU mote 
coiO|ilicated organization has been detect . 
Fig< 3 S ^oWs a quill with its bulbous root, 
tachcd from the body ; and Fig, 34 , a transvot^e 
sectihu magnified. The bulb itself is contained 
in a distinct cell, shown at a, Fig. 35 , wlfich 
represents a l<mgitudinal section of thesetorgap^* 
Tins cell contains a portion of fat in fljilf* 
nmuerous vessels supplying its pulp q^,cqpfi% 
are embedded. The bulb is itself purroup^pj^ 
by^n outer sheath, s, into the cavtfy^qf.yh^t^ 
m tficare opens a duct, d, proceeding from a sf|^ 
pad orfofiicle, f, lodged in thq cellular fnbffpnqp, 
on,lihn,QHiside of the sbealhp [f’lfiSjUppj^ 0 ^ 
OOinmnnicates bdow Wijth anof^ <jgvity^, 

*^Sfee F* €dvier!« Memoir im the ForinmiorKiOf 
of the III the Nouvclloe* (lii Musc^uw, L 42*^. 
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formation of th6^‘C|aiU tiiis unotttofio '^Aiaji;ib»r 4s 
'tkroti^h tMS ^ ch&^Ml, olid |>r(d)lil>ly 
4ti its ‘-Tho 

t)f the jMilp'consistB of t^o tnembranoi^ 
i^ atie' <ettvoioping the otiier. Pig. 36 idioars 
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bttlb laid open by dividing the Tnembranes 
sHM ‘Ihfning them aside. The horny portion 
^‘the qnill is secreted by the internal tetm- 
telfie” i, and deposited in successive lamin®. 
'fihO'’ External membrane is seen at o. The 
IfelJiftsOlf, seen at n, is still more curiously 
di^kiiiisOd its surface being fluted, or fomted 
iiitd Ibhgitudinai processes. The holtiy mtatteir, 
bfein^’ 'deposited on these processes, is moulded 
to their shape, and concretes into laminae which 
otHCVeigc from the circumference of the cylin- 
d»'r towards the centre The section (Fig. 30) 



11^ T«E4lfi(fl!X»lCllli'FU]l{nriOM8. 

Ufautw^ j wiiiott »lieiofl 
asi #'4«ri£^'tcAoar/ ^give lo oitti|uEi 

xpjteglnaoe »of being '|^»inKsdt|<ftbis» 
bbwefef^ ie flieftety an illniioi^iOOfradMMxi 

(berik ‘iaminaei bei»^ wen ihlouEi^^ilie 
tftaMstJfarent exterior ooreriag ;^aa may rlMMiiily bb 
(b^^ted by viewing the sorfacw «bith a'maglati^ 
f^g glaea.^ After a certain period of the giimth 
of the quill, the pulp ceases to supply the nm- 
terfals for fmrming the spongy substance whikh 
occupies interior of the quill. But although 
it no longer seCr^xe, it still retains its phu^; 
arid the capsule cemtinuing to deposit horn, the 
quill becomes a hollow tube of considerable 
diatfteter. When it has attained a certain siae, 
the pulp begins to shrink, and the diam^er of 
the tube diminishes ; so that it exhibits a tapef- 
ing form at both ends. Thus mere variations dn 
the bulk and the action of the pulp, aceonapaniod 
with changes in that of the capsule, are sui^emnt 
to’ Xteoount for every diverrity in the forai' and 
condition of the resulting structures. . >». 

Among the mechanical uses of the int^ument, 
that of serving as a cushion for relieving the 
more prominent parts of the frame, and e^c^i- 
aliy of the bones, from unequal pressure, ought 


* It is observed by F, Cuvier^ that this striated appearance is 
peculiar to the quills of porcupines of the old world. Those from 
Ainciica have no such arrangement of iammBe. 
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wii'4b IbkNerlfldi^'J ^lipf o^ect i»; fromot^d 
BslidEpaskidn aviBy^Ctof ^^/aijiwiiiQk ta 
andthci^aaknal subnlanoe <!(itt(ledbl|», ba.ian^i^ 
jna4wd-am«og^^«l4demeMai of, it» , It 

od*sii^«)l tin esiy i«ki|;c0mpo8ed,.M«!Oidi^ 
tlie(iiiiiaiys»Mic>f< of. two .^^ftitwtQt 

paiooipl 0 s^^wliiei» he has 4iiM:mguiabed hy the 
stSdrinS ' 9Jid ekdne* In warm i blooded 
anitnala tile tmnferature of llie body ia alwaya 
(iofflcient to preserve this compound substance 
ib a fltiid form : but it is pievented from Iteing 
difl^ed throngh the cdilular texture by being 
edtitained in separate vesicles of extrmte mmute- 
floss.*** > Hence the whole mass of the fat* which 
isv thus formed of an aggregation of these 
'VetfokSj has not the appearance of being duid, 
but! seems to be composed of small grains; united 
<by membranous investments into larger masses ; 
mstracture peculiarly adapted to tlie purposes of 
« isofo cushion, retaining only a small shane of 
tmd yiekUng only in a certain limited 
degree to pressure. . 

Dn J4«nm eslimaled tkeir diameter at bfe|ween the 

pf ae JacJi* But, their size varies in diflferent 

f imals. ^ 



the rMIlHJTIONS. 

fi\ii\ bs*n ^ * i { > ^ MO iio^oHi 

vn(i#t*«f. i’-'i ^\hhMnm*l(mJ?<i»eni ivj>mn -«fi b 

r Hf < » <<,.•* , M ' ffVtjiHt**, W ti )jl{'#' 

1^1 Mac Woes -ooB*rir«d l»y UHatw) ayUtAheidm^ 
m% coni^ta in devising e 3 Lpedient» iiBr| lagg iitoAirig 
a^d idiF^ting title given moving pciwer$ sQKtiifft 
it,-ma|r bear, in tfee propear degree, «aiii inutile 
prop^i order, upon some partimlar ol^^edbsv and 
produce, some particular effect. The ^whide'of 
dp apparatus employed with this intention, bowl> 
evef ' numerous may be its ports, however varmas 
the £»rnn» of its wheels, its levers, or its pull^^ 
andy however complicated may be dieir 'con+ 
uexions, resolves itself into a series of intmne^ 
(Uate instruments for the transferience of nbdon 
from the. source of power, or the point where tits 
action is impressed, to the parts which are tide* 
signed ultimately to receive the action of ibe 
force employed. It is an established printaple 
in physics, that mere machinery is inci^bletfif 
generating mechanical force; and that such 
fotee must always be originally derived • from 
a<nne extraneous source. Some impulde fitom 
withcmt, whether it be the pressure <rf the win^ 
the/ fall of a stream of water, or the actioti ttf 
m^ or.' homes, or any other kind of - fotfe^n 
agency, must be resorted to, both to set 
engino in mothm, and to ccmtinue its move- 
ments when they are once begun. Nor is the' 



» ’■MOSCUIA* WJWEtt. ' 

case essentially different when the source of 
motion apparently reside in some internal part 
of the machine itself V 'iu a'‘timtch, for instance, 
which is actuated by the main spring ; or in a 
6teiiaa< engine, < which is set in motkm' the 
nlaaiiie' ‘eaponr contained in its cylinders the 
siding in the <me case, and the vapour in the 
othery although they may in one sense be rd^ 
ganded as irapdling powers, are, in reality, bill 
iat^mediate agents in the distribution * of a 
force t^iginating from other sources. In the 
waSch, the force may be traced to the hand 
which coiled the spring : in the steam-engine, 
to the fire, which has imparted elasticity to 
the vapour. 

1 The living body differs from inorganic ma- 
ehinery in containing within itself a principle 
of . motion not referable, as far as we can per- 
oeive* to any of the primary forces which exist 
id j the inanimate world. This principle has 
been turned iurntmciility* In animals of' the 
simplest construction, every part of the sub- 
stance the body scorns to be equally endowed 
with, this contractile property, although eit- 
tSlntmg no distinct appearance of a hbrcuis 
dtnadmre. This is the case with all the lower 
aoi^ytes, sbch as the InfusoriUf Polypi^ Mk- 
<lHhr,!and the simpler kinds of EnlMmsm. ' 
thmong. the Polypi and InhiSofia We meet 
with a 'siiigular mode of acting upon the aur- 
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niealie’of ^siiiMrte <a»d 

aittl, t^ mnk ijximnm powmis^sm^ t«j viSmm 
r^klity. OceasitMiiiJly liiefie' &tgmti>- 
^ foii&d ev^n in ttmmnld 4>dl0ngf£i|!^ in 
higiter clitssee. Wherever they are te^i^trith 
they |>erfonn, tw will herea^r be ^i^own^^vei^ 
important Inoctiom^ BOEoetiaaea aseisl^g in ffB** 
pimtkHL, at other tiaies oontrihuttng* t»> the* 
supply of food, and very generally serving tur 
inatmaoents of progresinve motion. < <> 

In animals placed a little higher in the 
scale, we begin to trace the fomtfdioa of fil^res, 
which at first are irregularly scattered through 
the soft Substance: but as the organization <be^ 
(xnnes more refined, these fibres Me •collected 
into bundles, and compose what are propdrly 
called muscles. Muscular fibres are attached at 
tlieir extremities to the parts intmded to be 
moved. In the lower animals these attachv^^ 
ments are principally to the skin, or other 
external parts, which are subservient to tljie 
purposes of progressive motion. Xn the higher 
classes, the solid parts, or skeletmi, being dis* 
po^d more in the centre of the system, ^the 
muiSgleB gee applied tp th^ in the interior 
the body, and are more distinctly e^mraOed 
into im^s, each having ’its preper fimetloti^’ia 
movements, of tliehraine, ‘ 

Xhe peculiar ..propmdiy wJhich chaiactemes 



mwm-t > 1917: 

texaascnlir&lm 

itadi; j» mli>«bruig Ms epds, oad thi; jpmiA 
to ., irbich; ei^ 9Lf^ octootecte^i 

owt^fmodisr. ,< Tiiis eoatra<d<ML m |ii^^to«d 
witb .mstimislu^ sqiMokness and 93ive, «nd tine 
alieniiiidsfted effect ef a lai^ i:»lleciinii of tltoae 
^j^binas, suicU as constitutes a nuisde, is ttieirnloito 
capable o£ ovemming great resii^oes* or 
of i {raising enormous weights. Those nuiscieSi 
which* hy means of their nerves, as will here- 
afler be noticed, are subs^vient to wduntary 
ntotion, are excited into action by an exextion 
of tlwi will of tlie animal. Tliere are, however,^ a 
great anwber of other muscles, the contradtioas 
of which are involuntary, that is, »re produced 
by, <^er causes than the will.* 

{Muscular contractility, of which there exists 
no trace in tlie vegetable kingdom,! has been 
established by nature as the primary moving 
power of the animal machine. Tins agent is 
11^1 

* These two classes of muscles do not differ in their outward 
aj>jfearance ; but Dr, Hodgkin has lately pointed out ti ctuiohs 
dlflfeireii^e in the itiicroseopic structure of the fibres of Sotue ^of 
the %tvo)unUry miuscles. See Appendix to bis Tfauslatkm ^ 
Cldwards pn tbc influence of Physical Agents in Life, p. 443* 
f The principal instances, which have been adduced iu’ 
sitppphf of the opitikm that musctilarity occasiofthlly ei^hjts* H 
^^E^gttiahioptxiictafess the alternate tnovemcsiU of tbedeaffi^ 

wliicl| ^tre been 

pared to the movements of the ribs in t^piration; the qnic|^ 
motions of the stamina of the j^er5ens, bpiihk^, ^Inady 
{4Mis <lf iSS0 
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sewMted to on all occasions where considerable 
n^echanical force is wanted; just as in a,gr^ 
ma^iufectory, where an immense 4:juanti,ty 
machinery is to be set in motion^ and a, gi;nnt 
variety of work is to be executed, the Jiuman 
mechanist avails himself of sonae constant 
moving force, such as that of water, or steam* 
The laws of inorganic matter furnish no power 
that could conveniently have been applied in 
the animal body for that purpose ; but muscular 
power, from its high intensity, is adequate to 
every object, and has been accurately ad- 
justed, by tlie most refined application of the 
laws of mechanism, to all the degrees and kinds 
of effects intended to be produced. 

Although the power be the same, ye| the 
mode of its application is exceedingly diversi- 
fied; and the comparison of these diversities 
is the more interesting, inasmuch as there are 
few of the animal functions in which the onds 
to be answered are so definite, and the opera- 
tion of the expedients employed is so plain and 
intelligible. For while the intricate chemical 


leaves of the Dionaa muscipula; and the shrinking of those 
of the Mimosa pudica, of sensitive plant. On a superficial 
vi«w, it must be acknowledged that these motions bear a re- 
semblance to the eflTects of muscular contractility ; but I believe 
that naturalists arc now generally agreed that there is no real 
analogy between these phenomena, and that there is no sub- 
stantial evidence for tlie existence of that pixipriy in the vege- 
table kingdom. 



" ‘WtosCtTL'AR I^OWER. 

tle' -Hvitt^' i^yateni geiiemUy 
^liF¥ese4fch‘, and*' the higher factrttie^ Of s^sJa- 
tihn^i^hd'pi^ceptiott OTe dependeht oii still niofh 
fhdShdite dhd mysterious poweis of iiErture; fhe 
functioiis are effected by the simpler 
pfh^i^ihs of matter, and allow us a cleOi^r 
ifls^ht into the wonderful art which has been 
in their accomplishment. 

” Muscles, during their contraction, increase ih 
fhlcktiess in the same proportion as they dimi- 
nish in length.* It is on this account, more 


.;:!3r 38 '13 



especially, that a knowledge of anatomy is so 
necessary to the painter and the sculptor. In 
every tnovement and attitude of the body, 
soitio particular sets of muscles are in action, 

Thh h illustrated by the annexed fig-ures, 37 and 38, the 
fornnir showing tho relaxed and elongatM» and the latter the 
contracted and swollen state of the same muscle. 
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aiid consequently tense and prominent, while 
others are relaxed and flattened ; differences 
which it is requisite that the artist should 
faithfully express, in order to give a correct 
representation of the living figure. 

The dilatation of the muscular fibres in thick- 
ness, which accompanies their contraction in 
length, would, if these fibres had been loose 
and unconnected, have occasioned too great a 
separation and displacement, and have im- 
peded their co-operation in one common effect. 
Nature has guarded against this evil by col- 
lecting a certain number of the elementary 
fibrils, and tying them together with threads of 
cellular substance ; thus forming them into a 
larger fibre •, and again packing a number of 
these fibres into larger bundles : always sur- 
rounding each packet with a web of cellular 
tissue ; wdiich thus forms a separate investment 
for each. This plan of successive reunion into 
larger and larger assemblages is carried on 
through several gradations of size, till the entire 
muscle is completed. 

That we may be the better able to appreciate 
the excellence of the plans adopted in the me- 
chanism of the animal frame, let us inquire what 
arrangements would occur to us, prior to an ac- 
quaintance with those actually adopted, as the 
most advanfe^eous dispositions of the muscular 
power. It is evident, that the simplest mode 
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would be that of extending the fibres of the 
muscle in a straight line between the points in- 
tended to be brought nearer to each other. This 
direct application of the power, however, is 
seldom compatible with convenience, unless the 
parts to be moved are of very small size, and 
require very delicate adjustments. Straight 
muscles, accordinglyt are employed chiefly for 
the movements of the minuter parts of the ap- 
paratus belonging to the senses, such as the 
eye, and the ear, and also that of the voice. 
In insects, when the hard case, or skeleton, is 
wholly external, this direct application of the 
moving force is also very generally employed. 
The shells of the bivalve mollnsca, as of the 
Oyster and the Cardium, are closed by one or 
two straight muscles, the fibres of which pass 
immediately from the inner surface of tlie one 
to that of the other. 

In the greater number of cases it is more con- 
venient to place the muscle in a situation which 
causes it to act obliquely with respect to the 
direction of the motion produced in the part to 
which it is attached. This will, of course, be at- 
tended with a loss of force corresponding to the 
degree of obliquity ; but there are, at the same 
time, advantages gained, both in point of 
velocity of motion, and also in the efiect being 
produced by a smaller extent of contraction in 
the fibres of the muscle. Oblique muscles are 
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frequently employed in pairs, and are made. to 
act oti (^posite sides of the line of the intended 
motion, which is, in this case, the diagonal be- 
tween the direc-tion of the two equal forces^. 
Thus, in order to bring a bone at p. Fig. 30, 
down to the point «, the tMo muscles a-, and 
B, extending from the fixed points m and n, 
may be employed ; for as tltey exert forces in 
the directions p m and p n, there will result 
a fca^e in the intermediate direc'tion p o : and 
the effect desired will be accomplished more 
quickly, and with a smaller extent of contrac- 
tion in the muscles j>roducing it, than if the 
same power had been applied by inejins of a 
straight muscle in the direction p o.* It is by 
means of two sets of muscles, acting thus ob- 
liquely, that the ribs are brought in closer ap- 
proximation every time that the chest is ele- 
vated in breathing. Thus carefully does nature 
dispose tlie muscular fibres so as to obviate 
the necessity of their being contracted beyond 
a certain extent : and thus does she economme, 
as much as possible, the expenditure of muscu- 
lar power, wherever there is a constant call for 
its exertion. 

The principle which I have just explained, 
whereby certain advantages result from the ob- 

* See d paper by Dr. Monro, in the Transactions of the Rdyal 
Society of Edinburgh. VoL iii, p. 250. ' 
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liquity of the action of muscular fibres, is ap- 
plied, not only to the entire muscle, but also to 
th^ internal arrangement of its fibres. Thus, we 
generally find that, in a flat muscle, its upper 
and under surface arc covered by a thin sheet of 
fibrous texture, or thin expansion of ligament or 
tendon ; and that the muscular fibres which are 
attached to them are directed obliquely from the 
one to tlie other, in tlie manner represented by 
the section, Fig. 40 . There is frequently a 
middle tendinous layer interposed between those 
that are on the surface (as shown in Fig. 41 ), in 
which case the muscular fibres pass obliquely 
from the former to the latter, but in different di- 
rections on each side ; like the fibres proceeding 
from the shaft of a pen. A muscle tlius con- 
structed has accordingly been termed a penni- 
forrn tmiscle; as is exemplified in the straight 
muscle inserted into the knee-pan (the rectus 
extensor cruris), and also in the muscle which 
bends the great toe (the flexor pollicis pedis 
loHgrts). The arrangement first described. Fig. 
40 , forms the semi-penni/orm muscle ; an instance 
of which occurs in the muscle of the leg, which 
is termed the semimembranosus. Frequently the 
Structure is rendered still more complex, by 
the interposition of several tendinous layers 
among the fleshy fibres. This arrangement, 
which constitutes a complex muscle, (as shown in 
Fig. 42 ) occurs, for example, in the Soheus, or 
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large muscle, which raises the heel, and forms 
the thickest part of the calf of the leg. 

It very commonly happens in the animal 
frame, as it does in other machines, that the 
presence of the moving agent in the spot where 
its action is wanted, would be exceedingly in- 
convenient. The usual plan adopted for trans- 
ferring the effect of the moving power to a 
distant point is the employment of a rope, or 
strap. Such is precisely the office of the ten- 
dons, which are long straps, attached at one end 
to the muscle, and at the other to the bone, 
or other part intended to be moved. (See Fig. 
4.3). If the hand, for instance, had been en- 
cumbered with all the muscles which are neces- 
sary for the movements of the fingers, it never 
could have performed its office as a delicate 
mechanical instrument. These muscles, accord- 
ingly, are disposed high up on the arm, and 
their tendons are made to pass along the wrist to 
the joints of the fingers which are to be moved. 

The employment of tendons is accompanied 
with this farther advantage, that by their inter- 
vention the united power of all the fibres of the 
muscle may be obtained, and concentrated upon 
any particular point. In this respect, likewise, 
they resemble a rope, at which a great number 
of men are pulling at the same moment, and 
whose combined strength is thus brought into 
action. Another principal use of tendons is 
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thal a different direction may, by their means, 
be given to the moving power, without altering 
its position. Many instances occur of tlieir 
application in tliis manner, by their being made 
to pass round corners of bones, and along 
grooves, or channels, expressly formed for their 
transmission, and producing the effect of pullies. 

In a great number of muscles, the fibres, 
instead of running parallel to one another, are 
made either to converge, or to diverge, in order 
to suit particular kinds of movements : and we 
frequently find that different portions of the 
same muscle have the jmwer of contracting 
independently of the rest, so as to be capable of 
producing very varioiis effeds, according as they 
act separately or in combination. This is exem- 
plified in the muscle of the back, called the 
Trapezius, r(q>resented in Fig. 44. In many 
instances, the fibres radiate in all directions 
from a common centre : this is the case with 
the delicate muscle of the ear-drum, as shown in 
Fig. 4o. In that of the elephant, which is about 
an inch and a half in diameter, these radiating 
fibres are very conspicuous, even to the naked 
eye : and they are also visible in the membrane 
of the human ear, when viewed with a good 
microscope.* 

At other times, the muscular fibres run in a 


* Home Phil. Traus, for 1800, p* L 
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Q^cnlar direction, forming what is called aa 
qt^pipulfttT^isphiHcter musicle, of which an example 
occiu^ in that which surrounds and doses the 
ejf. (Fig. 40,) Very frequ^tly these two i last 
modes of arrangement are united in some par^, 
as appears to be the case in the membrane dF 
Ute eye, called the Iris. (Fig. 47.) The circular 
fibres of the iris surround the central aperture, 
or. pupil, the size of which they diminish when 
they contract ; while on the contrary, the radi- 
ating fibres, acting on the inner circle, and 
drawing it nearer to the outer circumference, 
which is fixed, lessen the breadth of the ring, 
and consequently enlarge the circular aperture. 



A similar combination of radiating and cir- 
cular fibres is employed in the construction of 
flat, or shghtly concave muscular disks, which 
are thus rendered capable of exerting a strong 
force of adhesion to the surfaces on which they 
are applied. In these organs the circular fibres 
are placeii at tlie circumference, and the radi- 
ating fibres in the interior of the sucker, (swee 
Fig. 48) ; so that, while the margin of the disk 
is closely applied to the object, the force result- 
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ing from th« contraction of the circular fibres 
is ex^ed to rerBove the central portions from 
the surface of attachment, and thereby tends 
to create a vactinin underneath the disk; the 
two surfaces rtanain, therefore, strongly attaehed 
by tl4€ atmo^heric pressure, which acts on their 
outer sides. An apparatus of this kind, as we 
shall afterwards find, is met with very frequently 
among the lower orders of the animal kingdom. 


49 50 51 52 



Another kind of circular disposition of fibres 
is that which occurs in the muscular coats sur- 
rounding canals of various kinds, such as tht; 
blood vessels and the alimentary tube. Their 
action tends to contract the diameter of the 
canal, and to exert pressure on its contents. In 
these cases, there is generally at the same time 
provided another layer of fibres, disposed longi- 
tudinally, as shown in Fig. 49 ; the circular fibres 
being seen in Fig. 30, The action of the longi- 
tildinal fibres is evidently to shorten the canal ; 
while that of the circular fibres, by the yielding 
and the partial reaction of the contents of the 
vessel, has a tendency to extend it. The Ascidia, 
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w}uch is a ^eci^ of mariae worm, is an example 
of an animal whose skin contains a union of 
sirai^t and circular fibres, by which all its 
movements are readily performed. Many in- 
stances occur in the cylindrical envelopes of 
animals, of the combination of a third series of 
fibres, passing obliquely, with those which have 
transverse and longitudinal directions. In the 
muscular skin of the Leech, for example, besides 
two internal layers of longitudinal fibres, an ex- 
ternal one has lately been discovered, which is 
composed of oblique or spiral fibres, crossing 
one another in opposite directions, and greatly 
facilitating the varied movements of the animal.* 
A variety of still more complicated arrange- 
ments may be traced in the fibres of those 
muscles which invest Iiollow sacs, or receptacles, 
such as the stomach, (Fig. ol,) and the heart, 
(Fig. 52). We find, in the substance of these 
organs, sets of fibres, which pass in a spiral 
direction, and which, consequently, unite the 
effects of both longitudinal and circular fibres ; 
and, when combined with either of these, tliey 
serve to modify and regulate the actions of each 
organ in a great variety of ways.f 


• Carus, Tabulse Anat. Comp. fol. Tab. L Fig. 6. 
t The muscular fibres of the heart are disposed in two layers ; 
each set passing in a spiral course from the basis, or broad part, 
to the point or apex ; but the direction of the turns being dif- 
ferent in each, the two layers cross or decussate, producing 
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The infinite mechanical skill, with which the 
moving power has been applied to the purposes 
to be accomplished, is displayed not only in the 
larger organs, where great force is to be exerted, 
but also, in a still more conspicuous manner, in 
the execution of the smaller motions, requiring 
the most accurate regulation, and the nicest 
adjustments. We cannot but be struck with the 
accordance which may often, in these instances, 
be traced with human contrivances, when the 
greater motions are rapidly executed by one set 
of agents, acting with considerable power and 
velocity, while the minuter approximations to 
the exact positions are effected by a distinct part 
of the apparatus, capable of more delicate action, 
though wdth a smaller force. Thus, while the 
astronomer brings his telescope round by power- 
ful machinery, so as to direct it to that part of 
the heavens, where the object he wishes to view 
is situated, a more nice mechanism is employed 
to direct the instrument accurately to the exact 
point ; and again another is provided for making 
the proper focal adjustments. Many parallel 
cases occur in the mechanism of the animal 
frame ; one set of powerful muscles being em- 

effect and procuring the advantages of a combination of oblique 
muscles already explained. Thus beautifully is the arrangement 
of the muscular fibres of the heart calculated to produce the 
rapid and complete expulsion of its contained blood, with the 
smallest amount of contraction in the individual fibres. 
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pR^ed for tlie lai^er movements, and another set 
provided for the accurate regulation of the more 
delicate Inflexions and nicer positions. This we 
shall find exemplified in the movements of the 
fingers, and of many of the oi^ans of the finOr 
senses. 

In general, however, we may Observe that the 
mechanical expedients devised by Nature for 
effecting each particular purpose are charac- 
terised by the most admirable simplicity. In 
this respect, also, as well as in all others, we 
cannot fail to recognise their infinite superiority 
over every corresponding invention of man. 

** lu human works, though labour’d on with pain, 

A thousand movements scarce one purpose gain ; 
tn God's, one single can its ends produce. 

Yet serves to second too some other use.” Pc)1»e. 

We may generally observe, in the mechanism 
of tlie joints, that the muscles are made to act, 
eitlier directly or by means of their tendons, at a 
point much nearer to the axis of motion than 
the resistance to be overcome. With regard to 
the direct force, tlierefore, it is evident that 
they must act with a great mechanical disad- 
vantage ; and this disadvantage is still farther 
increased by the obliquity of the action with re- 
ference to the direction of the motion. But the 
contractile jjower, which is inherent in the mus- 
cular fibre, is so enormous, as aiuply to aft'ord 
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these los^, great as they necessarily are ; while, 
on the other hand, full conipensation is made 
by the? greater freedom and vebcity of motion 
thereby obtained. Strength is sacrificed with- 
out scruple to beauty of form or convenience of 
purpose; and that disposition of the force is 
always adopted, from which, on the whole, the 
greatest practical benefit results. Every where 
do we find the wisest adaptation of muscular 
power to the objects proposed, whether it be 
exerted in laborious efforts of the limbs and 
trunk; whether employed in balancing the 
frame, or urging it into quick progression ; or 
whether it be applied to direct the delicate evo- 
lutions of the fingers, the rapid movements of tlu; 
organs of speech, or the moi’e exquisite adjust- 
ments of the eye, or of the internal ear. Amidst 
the endless combinations of machinery exhi- 
bited in different parts of the animal kingdom, 
although the mode of application be diversifitid 
in ten tlmusand ways, the original powder is still 
(rf the same kind, and is regulated by the same 
physical laws ; and similar instruments are em- 
fdOyed in effecting this infinite variety of pur- 
poses, by the all-wise and omnipotent Architect 
of animated creation. 
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Chapter II. 

THE MECHANICAL EUNCTIONS IN ZOOPHYTES. 

§ 1. (rcneral Observations. 

The mechanism of an organized being is 
designed to fulfil various important objects. 
These we may distinguish into two classes ; the 
one having reference to its internal welfare, the 
other to its relations with external bodies. The 
different parts of its system must, in the first 
place, be mechanically united and supported, as 
well as protected from injurious external impres- 
sions ; and they must at the same time be so 
constructed as to admit of all the internal move- 
ments, which the performance of their functions 
renders necessary. They must, in the second 
place, be made capable of exerting upon exter- 
nal matter the actions which conduce to their 
well being ; and in order to enlarge their sphere 
of action, they must have the power of transfer- 
ring the whole body from one place to another ; 
or, in other words, of effecting its progressive 
motion. 

The objects included in the first of these 
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branches of the mechanical functions are an- 
swered by the organization both of the vegetable 
and the animal systems : but those of the latter 
belong exclusively to the functions of animal 
life. The power of locomotion, more especially, 
constitutes the most general and palpable fea- 
ture of distinction between these two classes of 
beings, A plant, during the whole period of its 
existence, is fixed to the spot where it was first 
produced, and is dependent for the continuance 
of its life on local circumstances ; such as the 
nature of the soil in a Inch its roots are embed- 
detl, and the qualities of the air and water in its 
immediate vic’inity. It is exposed to the action 
of the surrounding elements, and affected by 
their vicissitudes, without the means of retreat, 
and without the power of reaction. With respect 
to all external agents, indeed, vegetables may 
be regarded as passive beings. Very different 
are the condition and destination of animals. 
Excepting a few among the lower orders of the 
creation, such as Zoophytes and Mollusca, all 
animals are gifted with the power of sponta- 
neously changing their situation, according to 
their several wants and necessities, and are thus 
enabled to seek and to choose those objects 
which are salutary, and to avoid or reject those 
which are injurious. Nature has, for these 
purposes, furnished them with a more complex 
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organization and more varied powers, adapted to 
a greater diversity of pursuits, and to a higher 
and more expanded sphere of existence. 

The power of progressive motion is enjoyed- in 
very different degrees by different races of ahii 
mals, according to the particular model bh 
which they are constructed, and the relatimis 
whicli their organization bears to the element 
assigned as their residence. All the mechanical 
circumstances in their economy, indeed, are so 
closely linked together, as scarcely to admit of 
being considered separately. Thus we find, in 
one animal, a variety of mechanical eft’ects ac- 
complished by one and the same instrument; 
while, in others, they are each produced by a 
separate and distinct organ. In some, the lead- 
ing principle of the construction is simplicity ; 
in others, the most elaborate mechanism is dis- 
played. But the means have constant reference 
to the design, and are ever varied in exact 
confonnity with the change of pnqiose. The 
relative advantages of each plan of structure 
appear to have been carefully estimated, aitd 
studiously balanced. Each quality has lieen 
bestowed in different degrees of perfection ; so 
that in following the series of gradation among 
the successive tribes of animals, we occasion- 
ally meet with favoured species, endowed with 
great superiority in some particular faculty. 
Some animals excel in swiftness ; others in 
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stren^lu Some are qualified to dive into tlie 
recesses of the deep; others to flutter in the 
light rtsgions of air ; while, in many of the infe- 
rior ranks, we find all these objects renounced 
for tlie more certain advantage of security, 
which the softer texture of the organs renders 
one of paramount im|x>rtance. That construc- 
tion of limbs which favours certain movements 
will wcessiirily interfere with the ready per- 
foriuunce of others, and must preclude the deve- 
loiMiuient of the organs which would be neces- 
sary for facilitating them. Ditterent kinds of 
prey require dexterity in particular actions for 
their pursuit and seizure. The animal is, in 
one easij, formed for climbing trees ; in another, 
for burrowing in the earth : in a third, for jrerfo- 
rating wood. Some are provided rvith organs 
for penetrating into the bodies of other animals ; 
others with the means of ensnaring their captives ; 
wdiUe others, again, instil into the veins of their 
victims a deadly poison. Hence it is necessary, 
in studying the organization of aitimals, to 
bestow' particular attention on the habits and 
mode of life for which each respective tribe arid 
species has been destined. 

In the examination of the mechanical func^ 
tions. which will form the first part of this 
treatise, 1 shall keep in view% us the leading 
object of inquiry, the facidty of progressive 
oiotom, noticing its diflei'eat degrees of per- 
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fection as we follow the ascending series of 
animals *, but adverting, also, occasionally, to 
tlie other topics wliich belong to this class of 
functions. 

It may be observed in general, that the me- 
chanical construction of animals which con- 
stantly inhabit a watery clement is more simple 
than the construction of those which live on 
land, and are encompassed by a lighter medium. 
Dittering but little in their specilic gravity from 
the fluid in wliicli they are immersed, aquatic- 
animals are ne(;essarily supjwrted, on all sides, 
by a powerful hydrostatic- prcissure, w hic.h nearly 
balances the force of gravity, and counteracts the 
tendency of their bodies to descend in the fluid. 
Many of the obstacles to progressive motion are 
thus removed ; and there is no neccissity for the 
compactness of frame, and the rigidity and co- 
hesion of substance which arc rc<|uired in ter- 
re.strial animals. 

The animals that occupy the lower divisions 
of the scale can exi.st only in a liciuid element. 
Their forms present many analogies with vege- 
tables ; and hence they have been denominated 
Zoophytes, that is, animated plants : but as it is 
now well asc-ertained that tliey jjossess the essen- 
tial characters of animals, the term of Phyiozoa, 
or plant-like animals, which has been given to 
them by some modern writers, w'ould appear to 
be a more appropriate designation. It is, how- 
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CTer, scarcely worth while, at the present clay, 
to change a name so generally received as that 
of Zoophytes, and the application of which is 
not likely to lead to any misunderstanding. 


2. P or if era, or Spouses. 

Among Zoophytes, the lowest station in the 
scale of organization is occupied by the tribes of 
Porifera, the name given by Dr. (h*unt to the 
animals whicli form tlie various species of sponge, 
and which an^ met uilh in such multitudes on 
every rocky <‘oast of tin; oct;an, from the shores 
of (Tieenland to those of Australia. Sponges 
grow to a larger size within the tropics, and are 
found to be more diminutive, and of a firmer 
texture, as ue a})proach the Polar circles. Dr. 
Grant observes* that they are met with etjually 
in places covered per[)ctimlly by tin; sea, as in 
those which arc; left dry at every recess of the 
tide. They adhere to, and spread over the sur- 
face of rocks and marine animals, to wliich they 
are so firmly atta( ht^ that they cannot be re- 
moved withotit lacerating and injuring their 
bodies. “ Although they thrive best,” he farther 
remarks, “ in the sheltered cavities of rocks, 
they come to maturity in situations exposed to 
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the unbroken fiiry of the surge. They cover the 
nakedness of cliffs and boulders ; they line with 
a variegated and downy fleece the walls of sub- 
marine caves, or hang in living stalactites from 
the roof,” 

In their general appearance they resemble 
many kinds of plants, but in their internal or- 
ganization they differ entirely from every vege- 
table production ; being composed of a soft flesh, 
intermixed with a tissue of fibres, some of M'hicJi 
are solid, others tubular ; and the whole being 
interwoven together into a curious and compli- 
cated net-work. The substance of whicJi this 
solid portion, or basis, is formed, is composed 
partly of horn, and partly of siliceous or calcareous 
matter. It has been termed the axis of tlie Zoo- 
phyte; and as it supports the softer substaime 
of the animal, it may be regarded as j>erforming 
the ofiice of a skeleton, giving form and protec- 
tion to the entire fabric. 

The material of which the fleshy portion is 
composed is of so tender and gelatinous a nature 
that the slightest pressure is sufficient to tear it 
asunder, and allow the fluid parts to escape ; and 
die whole soon melts away into a thin oily 
liquid. When examined with the microscope 
the soft flesh is seen to contain a gicat number 
of minute grains, disseminated through a trans- 
parent gelly. Every part of the surface of a 
living sponge (as may be seen in Fig. 53) pre- 
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sents to the eye two kinds of orifices ; the larger 
having a rounded shape, and generally raised 



margins, which form projecting papillae ; the 
smaller being miicli more numerous, and ex- 
ceedingly minute, and constituting wdiat are 
termed the pores of the sponge. 

It has, for a long time, been the received 
opinion among naturalists that this sujierficial 
layer of gelatinous substance w'as endowed with 
a considerable power of contractility : it W'as 
generally believed that it shrunk from the touch, 
and that visible tremulous motions could be ex- 
cited in it by punctures with sharp instruments, 
or other modes of irritation. It is extraordinary 
that errors like these should have crept into the 
writings of modern zoologists of the highest 
authority, such as Lamarck, Bruguiere, Gmelin, 
Bose, and Lamouroux.* Tim notion that the 

^ This mistaken view was adopted by Cuvier in the first edition 
of his “ Regne Animal/’ T. iv. p. 88. ; but Dr. Grant’s rectifica- 
tion of the error is noticed in the second edition of that work. — 
T. iii. p. 322, 
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sponge contracts when touched is of vety ancient 
date, for it may even be traced beyond the tittle 
of Aristotle ; and it has been handed down by 
succeeding naturalists, and echoed from the one 
to the other, so as to have gained admission, 
without being questioned, in all the recent syste- 
matic works on Zoology. 

The alleged spontaneous palpitation of the 
flesh, occurring in particular parts, had its origin 
in the views taken of the nature of sponges by 
Marsigli, an Italian naturalist, who, in the year 
1771, announced that he had seen movements of 
dilatation and contraction in the round apertures 
visible on thf'. surface of sponges. This state- 
ment, so contidentlv advanced, seems to have 
made a strong imju’ession on Ellis, who, while 
pursuing a similar train of observations, came to 
persuade himself that Im could see, not only the 
movements described by Marsigli, but also the 
passage of water to and fro, through the same 
apertures. He communicated this account to 
the Royal Society in 1765 ; it was published 
in its Transactions,* and will ever remain an 
instmetive proof of tlie degree in which our very 
perceptions may be influenced by preconceived 
views, and by the force of the imagination. 
Pallas immediately admitted, without examina- 
tion, the hasty assertion of Ellis, into his “ Elen- 


• Vol. Iv. p. 28 t. 
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elms Zoophftorvm whence it was copied by 
succeeding autliors, and the error became at 
length so widely disseminated, that for more 
than half a century it was received as an es- 
tablished fact in natural history. The elaborate 
and accurate researches of Dr. Crant mi thest* 
subjects have at length dispelled the prevailing 
illusion, and have clearly proved that the sjwngx^ 
does not jmssess, in any sensible degree, that 
power of contraction which had, for so many 
ages, btMJii ascribed to it.* 

Dr. (irant has also shown the true nature of 
the currents of tbiid issuing at diH'crcnt jaunts 
from the surface of these animals, as Avell as tlu^ 
absence of all visible movements in tlie orilices 
which give t'xit to the fluid. Ts’ever <lid be. lind, 
in his ex})criments, the slightest ajipearance ol‘ 
contraction j)rodnced in any jiart of the sj)ong<', 
by jHincturing, lacerating, burning, or otherw ise 
injuring its texture, or by tlie ajtjdication of 
corrosive chemical agents. Of bis discovery of 
tlie fluid currents, he gives the following inte- 
resting account: “1 put a small branch of the 
SpoKgia coaliin, with some sca-watcr, into a 
watch-glass, under the microscojie, and, on re- 
flecting the light of a candle through the fluid, 

* See lu!? pa}>erson this subject in the Edinburgh PliilosDphical 
Journal, vol. xiii. p. 9^; and 333, from which most of tlic facts 
mentiuned in the above account are taken. 
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I soon |)erceived that there was some intestine 
motion in the opaqne particles floating Uhrotigh: 
the water. On moving the watch-glass, so as toi 
bring one of the apertures on the side, of the 
sponge fully into view, I beheld, for the flrst 
time, tJie splendid spectacle of tins living foun- 
tain, vomiting forth, from a circular cavity* an 
impetuous torrent of liquid matter, and hurling 
along, in rapid succession, opaque masses, which 
it strewed everywhere around. The beauty and 
novelty of such a scene in the animal kingdom, 
long arrested my attention, but after twenty-five 
minutes of constant observation, I was obliged 
to withdraw my eye from fatigue, without having 
seen the torrent for one instant change its direc- 
tion, or diminish, in the slightest degree, the 
rapidity of its course. I continued to watch the 
same orifice, at short intervals, for five hours, 
sometimes observing it for a quarter of an hour 
at a time, but still the stream rolled on with a 
constant and equal velocity." About the end of 
this time, however, the current became languid, 
and, in the course of another hour, it ceased 
entirely. Similar currents were afterwards ob- 
served by Dr. Grant in a great variety of sixjcies. 
They take place only from those parts that arc 
under water, and immediately cease when the 
same parts are uncovered, or when the anitnal 
dies. 

It thus appears that the round apertures in 
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the stirface of a living i^onge are destined for 
the discharge of a constant stream of water from 
tlie interior of the body; carrying away par- 
ticles, which separate from the sides of the 
canals, and which are not only seen, under the 
microscope, constantly issuing from these orifices, 
but may even be perceiveti by the naktxl eye, 
propelled occasionally in larger masstjs.* 

For the supply of these constant streams, it is 
evident that a large quantity of water must be 
continually received into the body of the s)H>nge. 
It is by the myriads of minute pores, w'hich exist 
in every part of the surface, that this water 
enters, conveying with it the materials necessary 
for the subsistence of the animal. These ])ores 
conduct tlie fltiid into the interior, where, after 
l)ercolating through the numerous channels of 
communication which pervade the substance of 
the body, it is collected into wider passages, 
terminating in the fecal orifices above described, 
and is finally discharged. The mechanism by 
which these currents arc produced is involved 
in much obscurity. There can be no doubt 
that they are occasioned by some internal mov^e- 
ments ; and the analogy of other zoophytes 

* The currents issuing from the larger orifices are best 
by pacing the living animal in a shallow vessel of sea water, 
and strewing a little ])Owdered chalk on the surface, the motions 
of which will render the currents very sensible to the eye. Fig. 
o3 exhibits these phenomena. 
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would lead us to ascribe them to the actioa of 
fibrils, or ciliay as they are termed, projectiBg 
from the sides of the canals through which the 
streams pass ; but these cilia have hitherto 
eluded obseiwation, even with the highest powers 
of the microscope. 

The organization of sponges is as regular and 
determinate as that of any other animal struc- 
ture, and presents as systematic an arrangement 
of parts. In some species, such as the common 
8f)onge, the basis is homy and elastic, and com- 
posed of cylindric tubes, wdiich open into each 
other, and thus f(»rm continuous canals tlirough- 
out the whole mass. 

Others have a kind of skeleton, composed of 
a tissue of needle-shaped crystals of carbonate 
of lime, or of silex. These hard and sharp- 
pointed fibres, or spiculu, are disposed around 
the internal canals of the sponge, in the order 
best calculated to defend them from compression, 
and from the entrance of foreign bodies. Some 
of these spicula are delineated iri Fig. 54 : but 
their forms, although constant in each sjHicies, 
admit of considerable diversity in the different 
kinds of sponge. 

Altliough sponges, in common with the greater 
number of zoophytes, are permanently attached 
to rocks, and other solid bodies in die ocean, 
and are consequently destined to an existence 
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as completely stationary as that of plants, yet 
such is not the condition of the earlier, and more 
transitory stages of their developement. N atnre, 
ever solicitous to provide for the multiplication 
of each race of beings, and for their dissemina- 
tion over the habitable globe, has always pro- 
vided etFectual means for the accomplishment of 
these important ends. The seeds of plants are 
either scattered in the immediate neighbourhood 
of the parent, and take root in the adjacent soil, 
or arc carried to more distant situations by the 
wind or other agents. In the animal kingdom, 
the young offspring of those races which are en- 
dowed with a wide range of activity, ar(^ reared 
on the spot where they were produced, t'ither by 
the fostering care of the parent, or by means of 
the nourishment with which they are surrounded 
ill the egg, and there remain until the period 
when, by the acquisition or extension of locomo- 
tive powers, they are enabled, in their turn, to 
go in quest of food. But in the tribes of ani- 
mals at present under our consideration, this 
order is reversed. It is the parent that is 
chained to the same spot from an early period 
of its growth, and it is on the young that the 
active powers of locomotion have been conferred, 
apparently for the sole purpose of seiiking for 
itself a proper habitation at some distance from 
the place of its birth ; and when once it has 
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made this selection, it there fixes itself unalter- 
ably for tlie remaining term of its existence.^ * ■ 

The parts of the Spimgia panicea, \rhich are 
naturally transparent, contain at certain seslsnns 
a multitude of opaque yellow spots, visible to 
the nakc'd eye, and which, when examined by 
means of a microscope, are found to consist of 
groups of ova, or more properly since 

we cannot discover that they are furnished with 
any envelope. In the course of a few months 
these gemmules enlarge in size, each assuming 
an oval or pear-like shape, and are then seen 
projecting from the sides of the internal canals 
of the parent, to which they adhere by their 
narrow extremities. In process of time, they 
become detached, one after the other, and are 
swept along by the currents of fluid, M^hich are 
rapidly passing out of the larger orifices. Fig, 
55 represents one of these gemmules detached 

•* Phenomena, which appear to bear some, analogy with these, 
have been noticed in tbc vegetable kingdom. The tribe of Zo6^ 
carpia, produce a kind of fruit, which wlien detached from the 
parent, appears to possess powers of spontaneous motion, until 
the period of its taking root, and growing like a vegetable struc- 
ture. These singular productions, which seem, in theit progres- 
sive developements, to possess alternately the characters ctf 
vegetables and of animals, may perhaps be regarded as connect- 
ing links between the two great kingdoms of living nature. 

•f Gemmnle is a term derived from the Latin word gemma, a 
bud: and its meaning, as applied to zoophytes, i.s that of a 
young animal, not contsiiiied within an envelope, or egg. 
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from the parent sponge. When thus set at 
liberty, they <io ncrt; sink by their gravity to the 
l)ottQm of the water, as would have happened 
had they been devoid of life ; but they continue 
to swim, by their own spontaneous motimis, for 
two or three days after their separation from the 
parent. In their progression through the fluid 
they are observed always to carry their rounded 
broad extremity forwards. On examining this 
})art M'ith the microscoj)e, we tind that it is 
covered with short filaments, or fHia, which are 
in constant and rapid vibration. These cilia 
are spread over about two thirds of the surface 
of thc‘ body, leaving the narrower jmrtiou, which 
has a whiter and more pellucid appearance, un- 
covtired. They are very minute tran8[)areut 
filaments, broadest at their base*, and tapering 
to invisible points at their extremities: they 
strike the water by a ra[)id succession of in- 
flexions, apparently uiad(' without any regular 
order, but conspiring to give an impulse in a 
particular direction. When the body is attached 
by its tail, or narrow end, to some fixed object, 
the motion of the cilia on the fore part of the body 
determines a current of fluid to pass in a direc- 
tion backwards, or towards the tail ; but when 
they are floating in the water, the same action 
propels them forwards in the opposite direction, 
that is, with the broad ciliated extremity fore- 
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most. They thus advance, without appearing to 
have any* definite object, by a slow gliding 
motion, totally unlike the zig-zag course of ani- 
malcules in search of prey. Yet they appear to 
have a consciousness of impressions made on 
them ; for on striking against each other, or 
meeting any obstacle, they retard a little the 
motion of their cilia, wheel for a few seconds 
round tlie spot, and then, renewing the vibra- 
tions, proceed in their former course. 

In about two or three days after these gem- 
mules have (piitted the body of the parent, they 
are observed to fix themselves on the sides or 
bottom of the vessel in which they are contained; 
and some of them are found spread out, like a 
thin circular membrane, on tlio surface of the 
water. In the former case, they adhere firmly 
by their narrow extremity, which is seen gra- 
dually to expand itself laterally, so as to form a 
broad base of attachment. While this is going 
on, the cilia are still kept in rapid motion on 
the upper part, scattering the opaque particles, 
which may happen to be in the fluid, to a cer- 
tain distance around. But these motions soon 
become languid, and, in the course of a few hours* 
cease; and the cilia, being no longer wanted, 
disappear. The gemmule Uien presents the 
appearance of a flattened disk, containing gra- 
ntdes, like the flesh of the parent sponge ; and 
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also several spicula interspersed tlimiigU the 
central part. Jn less than twenty-four hours, 
a transparent colourless margin has extended 
round the whole gemmule, and continues to 
surround it during its future growth. The spi- 
cula, which w'ere at first small, confined to the 
cc'ntral part, and not exceeding twenty in num- 
ber, now become much larger and more nume- 
rous; and some of tlitan slitwt into the thin ho- 
mogeneous margin. It is a remarkable circum- 
stance that the sjncula make tluar appearane(; 
completely formed, as if by a sodden act of 
crystallization, ami never afterwards incrcas(! 
their dimensions. 

When two geinmules, in the course of their 
spreading on the surface of a w atch-glass, come 
into contact with each otliei*, tlieir clear margins 
unite w itliout the l(?ast uiterruj)tiou ; they thicken 
and produce spicula : in a few days we cun 
detect no line of distinction between them, ami 
they continue to grow as one animal. Tlie same 
thing happems, according to the obst;rvation of 
Cavolini, to adult sponges, which, on coming 
into mutual contact, grow together and form an 
inseparable union. In this species of animal 
grafting we again find an analogy between the 
constitution of zoophytes and that of plants. 

In the course of a few weeks, the spicula 
are assembled in groups, similar to those of 
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the parent sponge ; assuming circular arrange- 
ments, and presenting distinct openings at the 
points they enclose. The young animal now 
rapidly spreads and enlarges in every direction, 
becoming more convex, and at the same time 
more opaque, and more compact in its texture ; 
and before it has attained the tenth of an inch 
in diameter, it presents, through the microscope, 
a miniature representation of its parent. 

Thus has a power of spontaneous motion been 
given to what may be regarded as the embryo 
condition of animals, which arc afterwards so 
remarkable for their inertness, and for the priva- 
tion of all active powers : and this has been con- 
ferred evidently for the purpose of their being 
widely disseminated over the globe. Had not this 
ai)paratus of moving cilia been provided to the 
gemmules of such species as hang vertically 
from the roofs of caves, they would have sunk 
to the bottom of the water and been crushed 
or buried among the moving sand, instead of 
supporting themselves while carried to a dis- 
tance by the waves and tides of the ocean. 
Many species which abound in the Red Sea 
and Indian Ocean have, in this way, been 
gradually transported, by the Gulf stream, from 
the shores of the east to corresponding latitudes 
of the new world. 
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. §3. Polypifera, 

Xhk pejct step ill Uie organic series introduces 
to tlie extensive iarnily of Polypifera. Tjtie 
trausition from the structure of the sponge to that 
of the polypus may be thus conceived. Suppose 
the absorbing orifices of the former to be enlarged, 
and their number to be at the same time re- 
duced : and let these orifices be drawn out into 
tubes, and provided with vibratory cilia; in 
addition to which, let there be placed around 
their margin a circular row of larger filaments, 
extremely flexible, and capable of twining 
round any object that comes within their reach, 
and of conveying it to the central orifice, 
which performs the office of a mouth. Each 
tube, thus furnished with a circle of radiating 
filaments, or ieniacula, as they are called, is 
denominated a Polype* The animal structure 
thus composed has received the name of JLo'- 
bularia (Fig. 5G), and is the genus among this 
tribe tlmt approaches the nearest in its cha- 
racter to the sponge, which it resembles in the 

* ^91* the sake of gjeater distinctness I shall emplpy the tew 
polype to denote the single tube with its lentacula ; and shall 
designate by the Latin term polypus the entire animal mass com- 
posed of an aggregation of these polypes. Polypiferay the name 
of the order, expresses animals bearing polypes. 
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n&tore <rf its internal texture. Each of the 
polypes with which its surface is studded has 
cdght serrated tentamia. Fig. 57 represents one 
of these polypes detached. Polypes may thus be 
united in immense numbers in one mass, having 
mutual organic connexion. In (rther cases they 
may form smaller clusters, or be even totally 
unconnected. Sometimes the detached polypes 
are still disposed to assmble in groups, as is the 
case with the ZoantJius of Cuvier* (Fig. 58): at 
other times they are altogether isolated, as in 
die Hydra viridis (Fig. 59). 



Polypi form a very extensive order of zoo- 
pliytes, abounding in every ]part of the ocean, 
but growing in greatest liixtiriaiice in tl^e 


• The Hydra sociata of Gmelih; the Actinid socia^a of 
FHis. ' - , 
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warmer regions of. the globe. Their Hesh iex- 
lubits the same granular appearance, as that of 
the sponge* but it is generally firmCT, and often 
intermingled with masses of calcareous matter. 
The tentacula, which may be compared to arms, 
yary in number and in length in different spe- 
cies of polypi, and sometimes, instead of a single 
row, each of tlie mouths has two or more series 
of tentacula placed aroimd it. They are formed 
of a prolongation of the soft substance of the 
polypus, and are sometimes tubular; and their 
cavities are tlien continuous witli that of tlie 
general internal cavity into which the several 
mouths open. Besides being flexible in every 
direction, the tentacula are also capable of being 
lengthened or shortened at the pleasure of the 
animal. Their elongation is produced by the 
propulsion of a fluid into their interior, derived 
from the general cavity of the body; and their 
retraction is effected by the return of the same 
fluid. 

The whole arrangement of the tentacula on 
the margin of the projecting mouths hears a 
striking resemblance to a flower, especially to 
those which, like the daisy, or china-aster, haye 
the corolla composed of slender radiating pet^. 
We find, indeed, that as the organs of zoophytes 
become more developed, the affinities which these 
lower departments of the animal kingdom retain 
with plants, are more marked and more predo- 
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minaat. In tbe'construction of zoophytes, nature 
secsms still to keep in view the models of vege- 
table forms, the characters of which, while 
effecting the transitkm from one kingdom to 
the other, she continues to impress on her pro- 
ductions. Zoophytes, both in their outward 
fonn, and in the disposition of their internal 
organs, preserve the symmetrical arrangement 
round a common centre so generally exhibited 
in plants, and especially in flowers, and in the 
verticillated leaves and branches.* Hence the 
radiated or star-like forms which predominate in 
most of the animals composing this class : and 
hence they have obtained the title of Radialn, 
by which Cuvier has designated them. 

Like the animals of the sponge tribe, Polypi 
are for the most part attached to some inorganic 
shell or base, which may be either of a horny or 
calcareous nature. The form of this shell admits 
of almost infinite variety. In some it constitutes 
tlie external surface of the animal, and encloses 
the flesh in a general sheath, leaving only 
openings at the extremities of the tubes for the 
expansion of each set of tentacula surrounding 
the respective mouths. Sometimes tliese tubes 
are placed parallel to each other, like the pipes 
of an org^, with transverse partitions at regular 
uHervals : such is the structure of the Tubipora 


* See page 90. . 
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musica, as shown in Fig. 61. In Fig. 62, a 
portion of the tubes is seen 
highly magnified, and laid 
open, to show the polypes in 
their interior. At other times 
the tubes are joined together 
endwise, like the branches of 
a tree, leaving lateral aper- 
tures for the protrusion of the 
tentacula of each separate 
polyjje : this is the case in the Scrtularia. 
(Fig. 00.) 




In some species the horny base is fashioned 
into a number of cells, each of which serves for 
the protection of its respective polype. These 
cells arc generally placed at the extremity of 
the branches, presenting the greatest similitude 
to flowers. The Flustra (Fig. 63) is composed 
of minute and almost microscopic cells, spread 
oVer a flat membraneous substance, resembling, 
in the flexibility of its texture, and its mode of 
subdivision, the leaves of plants. These cells are 
arranged in rows, with great regularity, like those 
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of <li? horiey-cdmb, as is seen in the magnified 
view of th^, Fig. 64. 

In other tribes the inorganic base of support 
is Internal, constituting a kind of skeleton w 
axis; the polypous mouths being spread at in- 
tervals over the surface of the fleshy layer which 
covers this skeleton. This is the case with the 
Qorgmia, Antipathes, and the Corals which ex- 
hibit stiU closer resemblances to the branched 
forms of vegetable stems. The flesh contains 
granules of calcareous matter, which, in the 
dried specimens, adhere to the surface of the 
stems. Fig. 65 is a branch of the Corallium 



rubi'um,, of which Fig. 66 is a magnified portion, 
showing the appearance of the polypes in their 
expanded and contracted states. The way in 
which the polypes are embedded in the flesh is 
seen in Fig. 67, which represents a section of the 
Gotgvnia Sriarevs. 

In many cases the polypes are lodged in cup- 
like depressions in the surfiice of the calca- 
reous axis, which affords them some degree of 
protection. In Madrepdres these depressions 
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am crossed by radiating plates, adapted to the 
form and number of the tentacula. In Mille- 
the cells are closer and more minute, and 
exhibit none of these star-like radiations. In 
some, species the plates have more of a parallel 
airangeuimt; ; and in others they form a net- 
work. 

The material of which this axis, to which the 
polypes are attached, is composed, is of various 
kinds. Sometimes it is horny, tlexilde, and 
elastic, corresponding in its nature to animal 
membrane : at other times it is hard and calca- 
reous, being composed principally of carbonate 
of lime, with a small quantity of the phosphate ; 
the proportion of this latter ingredient varying 
in different species. In all cases the particles 
of calcareous matter are united together by some 
portion of animal substance which may be ob- 
tained by dissolving out the former by an acid. 
We always find the materials arranged in con- 
centric layers, indicating that their deposition 
has been successive ; and the surface is marked 
by longitudinal lines, corresponding to the figure 
of the animal covering of flesh. Sometimes the 
stem consists of horny and calcareous parts dis- 
posed alternately, composing a jointed structure, 
which some have fancied might be considered 
as making an approach to an articulated skele- 
ton ; for it is capable of considerable flexion, 
and readily yields to the impulse of the waves. 
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walkout the risk of being broken. This Is the 
case with the Isis Mppuris, commonly known by 
the name of coral. (Fig. 68.) There is, 

in ^ort, hardly any possible combination of these 
parts which does not occasionally occur amidst 
the infinite diversities of condition displayed in 
this department of the animal creation.;^ 

These structures are generally attached to 
submarine rocks by an expansion of the base 
into a kind of foot, or root, which has a strong 
power of adhesion. In this respect, therefore, as 
in so many others, these animals preserve an 
analogy with plants. 

It has been ascertained that, in a great number 
of instances, these fixed zoophytes are mul- 
tiplied, like the sponge, by the detachment of 
gemmules, or imperfectly formed portions of 
their soft substance. These gemmides require 
to undergo tlie same kind of metamorphosis in 
order to bring them to tlieir perfect state; and 
when newly detached from tlie parent, they ex- 
hibit the same singular spontaneous motions, 
buoying themselves in the water, and swimming 
in various directions, by the rapid vibrations of 
their cilia, till they find a place favourable to 
their growth. On becoming fixed, they spread 
out to form a base for the future superstructure ; 
and, after the faundatimi has thus been laid, 
they proceed in their upward growth, depositing 
a calcareous or horny axis in successive layers, 



» r POLYPI. 


\m 

until it has acquired the requisite thickness ; 
and they then gradually assume the forms cha- 
racteristic of the particular species to which 
they belong. The materials thus deposited are 
permanent structures, not capable of modification 
or removal, and not possessing any vital pro- 
perties; for these properties belong exclusively 
to the animated flesh with which these structures 
are associated. The polypes themselves are not 
developed till after the formation of the root and 
stem ; their growth being in this respect analo- 
gous to tliat of the leaves and flowers of a plant. 

The gemmules of the Fhistm carhasea may 
be selected in illustration of these phenomena. 
These have been observed by Dr. Grant,* to swim 
about in the water as soon as they have escaped 
from the cells of the parent ; each moving witli 
its narrow end foremost, while the opposite broad 
end, which is covered with cilia, expands into a 
flat circular zone. These gemmules are very 
irritable, and are frequently seen to contract the 
circular margin of their broad extremity; andj 
while swimming, to stop suddenly in their course. 
They swim with a gentle gliding motion, at 
other times they appear stationary, all the while 
revolving rapidly round their longer axis, with 
their broad end uppermost : they often bound 
forwardsy either in Haight lines, or describing 


^ Edinburgh Philosophical Journal, XV^II. 107 and 337. 
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cijMjleSj fwith; oo . t>th^ apparent ojiject ‘Ujan to 
keep themself 68 afloat, until they shall ; ai^'iv © at 
a jfavoafable . spot for fixing their;- pe^aaaent 
abode, and proceeding in their further developer, 
ment. The time of their remaining in this free 
and moving state varies according to circum- 
stances, from a few hours to about three days*; ^ 
When about to fix, the slightest agitatkm of the 
water causes them to desist, and to recommence 
their gliding motions, which they continue for 
some time Iwiger. If, when any of these gem- 
mules has begun to fix, it be again disturbed, 
and separated from the surface to which it had 
become attached, it geuerally remains free, and 
perishes. During the process of fixing, it exhi- 
bits no peculiar appearance or change of form ; 
it simply lies on its side ; and the cilia continue 
to vibrate over the whole surface, producing a 
constant current in the water, apparently for the 
purpose of cleaning the space immediately sur- 
rounding the geminule. It remains for. three 
days in this attitude, witliout undergoing any 
perceptiWe change of form, and without relaxing 
the vibrations of its cilia. At the end of this 
time, the cilia cease to move, and shortly after 
disappear: then the gemmule begins to swdh 
the surrounding margin becomes more transr 
parent, and tfie whole gradually assumes the 
form of a cell, wirrounded by a delicate white 
opaque line, which is the rudiment of the calca- 
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reous wall of tho future cell. Towards the 
of this rudimental cdl, the gelatinous substance 
in the interior may be pmceived to become more 
consistent and opaque at a particular point; 
from' this dull sjwt within the cell, short straight 
tentacula begin to bud, extending upwards in 
the direction of the future aperture. The gela- 
tinous spot, from which the tentacula originated, 
assumes the vermiform appearance of the body 
of a polype ; and we may distinctly perceive 
the bundles of fibres which connect its head with 
the base of the cell. The structure of the polype 
is perfected by the addition of a closed capsule; 
and when it is first detected protruding from the 
cell, it possesses all the parts of an adidt polype, 
and vibrates the cilia of its tentacula with as 
much regularity and velocity as at any future 
period. Before the polype is capable of protrud- 
ing from the aperture of the first cell, the upper 
part of the cell has already extended outwards 
to form the rudiment of a second : and so on, in 
succession, till the whole structure is completed. 

The tentacula of polypi are exquisitely sm- 
sible, and are frequently seen, either singly or 
alfi^ether, bending their extremities towards 
the mouth, when any minute floating body 
comes in contact with them. When a polype 
is expanded, a constant current of water is 
observed to take place, directed towards the 
mouth. These currents are never produced by 
the motions of the tcutacula themselves ; hut 
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are Invariably the effects of the rapid vibrations 
of the cilia placed on the teii- 
tacula. In the polypes of the 
Flustra carbasea, (Fig. 6^, 
the tentacula have each a 
single row of cilia, extending 
along both the lateral margins, 
from their base to their ter- 
mination.* Each polype has 
usually twenty-two tentacula ; 
and there are about fifty cilia on each side of a 
tentaculum, making 2200 cilia on each polype. 
As there are above 1800 cells in each square 
inch of surface, and the branches of an ordinary 
specimen present about ten square inches of sur- 
face, we may estimate that an ordinary specimen 
of this zoophyte presents more than 18,000 po- 
lypes, 390,000 tentacula, and .39,000,000 cilia. 
But other species certainly contain more than 
ten times these numbers-t 

The vibrations of these cilia are far too rapid 
to be followed by the quickest eye, even when 
assisted by the most powerful microscope, and 
can be detected only at the times when they 
have become comparatively languid, by the di- 


• A portion of one of these tentacula is represented , highly mag- 
nified, in Fig. 70. The lower figure (g) is the delineation of one 
of the gemraules of the same polypus, also greatly magdified. 

t Dr. Grant has calculated that there are about 400,000*000 
cilia on a single Flustra foliacea. Transactions of the Zoolo- 
gical Society of Ixindon. Vol. i. p. 1 1. 
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minished Tigour of the animal : their motions may 
then he seen, ascending on one side of the ten- 
ta^idum and descending on tlie other. (Fig. 70.) 
All the cilia appear to commence and to cease 
their motions at the same moment. The con- 
stancy with which they continue would seem 
to exclude the possibility of their being the 
result of volition ; and they arc, therefore, more 
probably determined by some unknown phy- 
sical cause, dependent, however, on the life of 
the animal. But so retentive are they of the 
power of motion, whatever may be its cause, 
that if any one of the tcntacula be cut off', its 
cilia will continue to vibrate, and will propel 
it forward in the fluid for a considerable time, 
as if it had become itself an individual animal. 

A (juestion arises with regard to the con- 
stitution of these zoophytes, similar to that 
which has been proposed with regard to trees, 
namely, what limits should be assigned to 
their individuality ? Is the whole mass, which 
appears to grow from one root, and which 
consists of multitudes of branches, proceeding 
from a common stem, to be considered as one 
individual animal, or is it an assemblage or 
aggregation of smaller individuals: each indi- 
vidual being characterised by having a single 
mouth, with its accompanying tentacula, and 
yet the whole being animated by a common 
principle of life and growth ? The greater num- 
nf naturalists have adopted this latter view, 
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ibgarding each {lortion, so provided iK'ith a dia^ 
tkiot circle of tentacula, as a separate i^imal, 
associated with its neighbours in the construc- 
tion of a common habitation, and contributing its 
quota to the general nourishment of this aninial 
republic. As the determination of this qu^tion 
iliTolves the consideration of the function of 
nutrition, I shall postpone its further discussion 
to a future part of this treatise. As far, indeed, 
as regards the mechanical condition of animals 
which are so completely stationary, it matters 
little, whether the whole mass be regarded as 
(me individual animal, or as an aggregate of 
distinct individuals. But the question becomes 
of some importance when applied to detached 
zoophytes, such as Pennatula, which are formed 
of a multitude of polypes connected with a com- 
mon stem, but which float at liberty in the sea. 

The Pennatula (Fig. 71) has been termed the 
sea pen, from the circumstance 
12 of its calcareous axis, or stem, 

having a double set of branches, 
extending in the same plane 
from both the sides, like the 
^ quill, and of its series 
of polypes being set altmg one 
edgte of each branch, like the 
fllaments which arise from the 
fibres of the featheri Some of 
these polypes are seen magnified in 72. 
Immense numbers of these curious animals are 
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iBct with in di^rent parts of tiie oo6<tii« If 
they possessed in any degree the power of loco- 
motion, which many naturalists have ascribed 
to them, we dbould be able to ascertain whether 
all their movements are conducted by a common 
volition, or whether they are performed inde- 
pendently of one another. It has often, indeed, 
been asserted, that pennatulae swim through the 
water by their own spontaneous movements, 
consisting either in the waving up and down of 
the lateral branches, or in the simultaneous im- 
pulses of the tentacula of all the polypes. Cuvier 
even represents the polypes of the pennatula as 
having the power of keeping time, while they 
are waving the mass through the water, as if 
they were all actuated by a single undivided 
volition. But Dr. Grant, who has watched the 
motions of these animals with great care, is led 
by his observations to the conclusion that peima- 
tulse are not in reality possessed of any such 
locomotive faculty ; but that they are carried 
to and fro in the ocean, like the gulf weed, 
without the slightest voluntary power of direct- 
ing their course. Whatever may be the result 
of the combined movements of the tentacula, the 
axms aie certainly incapable of those inflexions 
which have been supposed to supply the means 
of progre^ve motion. 

1 - It - is" only when the contractile flesh of the 
pdypia is released from the restmint which 
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the solid axis imposes upon its morem^^, that 
tl»e animal becomes capable of any distinct 
power of locomotion. Such is the condition 
of the animals belonging to the genus Hydm, 
of which the Hydra viridis, or fresh water 
polype, (Fig. 59, p. 162) may be taken as the 
type. This singular animal presents us with 
perhaps the simplest kind of structure that exists 
in the animal kingdom. It would almost seem 
as if Nature had formed it with the design of 
exhibiting to us the resources of vitality in carry- 
ing on the functions of animal life without the 
aid of the complicated apparatus which slie has 
bestowed upon the higher orders of the creation. 
The Hydra consists merely of a fleshy tube, 
open at both ends, one of which, being more 
dilated, may be regarded as the head, and has 
for a mouth the aperture of the tube, which is 
funiished at its margin with a single row of ten- 
tacula. It thus corresponds to the general defi- 
nition of a polypus, and exemplifies its most 
simple form. 

The whole body may, on the one hand, be 
considerably elongated, and on the other, so 
much retracted, as to appear a mere globule; 
and these movements are the efiect of a voluntary 
power in the animal directed to specific ends. 
The number of tentacula varies from six to 
twelve ; they are slender tubular filaments, ca- 
pable of being extended to a great length, and 
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of being bent in all directions. In this way, 
they can quickly surround and grasp any small 
object which they may happen to touch ; and 
whenever irritated they instantly retract, so as 
hardly to be visible without the aid of a mag- 
nifier. Each teutaclilum may be moved inde- 
pendently of the rest, at the pleasure of the 
animal. The remainder of tlie body tapers 
gradually from the head to the other extremity, 
becoming very slender, and having at its termi- 
nation a flat surface, which has been termed the 
foot; for although every portion of the surface 
has the power of iulhering to the bodies to which 
it is applied, it is principally by this extremity 
that the animal choos('s to attach itself to the 
sides or bottom of the vesst;! in which it is kept. 
No trace of the existence of cilia can be met with 
on any part of thp surfata' of these animals. 

It is to Mr, Trembley of Geneva that we are 
indebted for the discovery of this singidar 
animal, the examination of which has contri- 
buted to throw great light on the natural history 
of polypiferous animals.* While observing some 
aquatic plants, which he had collected and 
j)ut into water, his attention was called to the 
appearance of filaments adhering to them, 
which he at first conceived to be parasitic vege- 

* Memoires pour servir it d’un genre de Pttlypes 

dVau douce, a bras eu forme dc corues. Par A. Trombley, 1744. 

VOL. I. N 



178 THE MECHANICAL FUNCTIONS. 

tables: but farther observation convinced him 
that they were endowed with powers of spon- 
taneous motion, and that they preyed upon small 
insects : and he, therefore, could no longer 
doubt their animal nature. He found that they 
always placed themselves ' on the side of the 
glass next to the light ; and by watching their 
changes of position, he discovered the mode in 
which they etfect their progressive motions. If 
the hydra be standing in the erect position, its 
foot iKung applied to the bottom of the glass 
(Fig. 73), it slowly bends the body in the direc- 
tion in which it iuttads to advance till its head 
touches the vessel, as shown in Fig. 74. It then 
adiieres to the surface by the mouth, or by one 
or two of its tentacula, and, detaching the foot, 
bends the body into a curve, at the same time 
slightly retracting it, so that tlip foot is brought 
near the head (Fig. 73). The foot is then again 
fixetl, preparatory to a new step, which it takes 
by detaching tlmhead and projecting it forwards 
as before (Fig. 70). 

74 

The progress made by these successive efforts 
is but slow : for the hydra often pauses in the 
midst of a step, as if deliberating whether it 
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should proceed : so that the traversing a distance 
of seven or eight inches is to these animals a 
very good day’s journey, even in summer. But 
a mode of travelling rather more expeditious 
than this is occasionally resorted to. It con- 
sists of a succession of somersets; the hydra, 
while adhering firmly by the mouth, detaches 
its foot, and, making it describe a semi- 
circle, throws it over its head, and places it 
foremost in the line of progression. Having 
attained this situation, the foot is then fixed, 
and a similar semi-revolution is performed by 
the head, the body continuing all the vrhile 
elongated. 

By these and other manoeuvres these animals 
contrive to W'alk with (Kpial facility in any 
direction, cither on the bottom or sides of the 
vessel, or along the stems of aquatic plants, to 
which they are most fretiuently found attached. 
The position in which they appear to take most 
delight, is that of remaining suspended from the 
surface of the water by meaiis of the foot alone : 
and this they effect in the following manner. 
When the flat surface of the foot is exposed for 
a short time to the air, above the surface of the 
Mater, it becomes dry, and in this state exerts 
a repulsive action on the liquid : so that when 
dragged below the level of the surface by the 
weight of the body it still remains uncovered, 
and occupies the bottom of a cup-shaped hollow 
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in -the fluid, thereby receiving a degree of buoy 
ancy sufficient to suspend it at the surface*. The 
principle is the same as that by which a dry 
nmlle is supported on water in the boat-like 
hollow which is formed by the cohesive force of 
the liquid, if care be taken to lay the needle 
ilowu very gently on the surface. If, while the 
hydra is floating in this manner, suspended by 
the extremity of the foot, a drop of water be 
made to fall upon that part, so as to u et it, tliis 
hydrostatic power will be destroyed, and the 
animal will immediately sink to the bottom. 

While in this state of suspension from the 
surface, the hydra is capable of performing 
several curious evolutions, and with the assist- 
ance of the tentacida, liy w hich it lays hold of 
objects within its reach, is able to cross over 
from one side of the vessel to the other. It does 
not appear that these animals ever employ the 
tentacula as instruments for swimming ; but they 
frequently use them as cables, or anchors, to 
enable them to retain their jxisitions in security, 
how’ever violently the water may be agitated. 
Great use is also made of the tentacula as organs 
of prehension for seizing and detaining their 
living prey, and for conveying it to the mouth, 
where it is quickly swallowed. On the otlier 
hand, when alarmed, or exposed to irritation, 
tlie hydra suddenly slirinks, by tlie gradual 
contraction of all the tentacula, and of the body 
also, into a small globule, which might easily 
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escape notice, unless its previous sittiation were 
accurately observed. 

It might be asked by M^hat power is this 
animal, occupying so low a place in the scale 
of organization, enabled to perform these ac- 
tions? To this question, however, no satisfac- 
tory answer has yet been given. The substance 
of the hydra, when examined by the microscope, 
appears to be nearly homogeneous, exc'ept that a, 
number of grains are intermixed with the pulpy 
and gelatinous matter composing the principal 
bidk of the body. These grains, when jiressed 
out of the flesh into water, are scattered indis- 
criminately ; and appear to have been united 
in the living animal, by means of this glutinous 
material. 

No perceptible tibres, either muscular, or of 
any other kind, can be detected in the flesh ol' 
the polypus : nor is there the least indic^ation 
of the formation of transverse rings, similar to 
those which exist in worms, and which, in these 
hrtter animals, coutribuU; to progressive motion. 
Every jiortion of the sid>stanee of the body is 
«][ually irritable and contractile, and its move- 
ments appear to be govenuHl by some voluntary 
power belonging to the animal, and directed to 
the attainment of certain ends. The softness 
and pliancy which it posstisses allow of its being 
closely fitted to all the inequalities of the sur- 
face of the bodies to which it is applied ; and 
perhaps this cause alone occasions it to adhere 
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watil gmal force to these iHjdies,^^ the;aid 
of uny glutinous fluid. A cOTjecture, which fhtifl 
BiiKih appearanec' of probability, has been 
cKB^ed, that this power of adhesion is deihred 
fi^am the presence of a great ntimber of "ex- 
ceedingly minute disks, interspCTsed orer e^ery 
paft of the surface, constituting so. many 
suckers, and resembling, though on a very 
dimuiutive scale, the sucking apparatus on the 
arms of the cuttle-fisli. 

The Zoanthm (Fig. 58) belongs to a tribe of 
latter polypi, which are generally met with 
assembled in clusters; on which account it is 
termed by Ellis the Actinia sociata, or cluster- 
animal flower. It consists of a globular body, 
having a mouth surrounded by one or two rows 
of tentacula ; and connected below with a firm 
and fleshy tube, which adheres strongly to the 
rocks at the bottom of the sea; so that it re- 
mains permanently fixed in the same place. 

The genus Vorticella is formed by a small 
tribe of animals, which, although they have 
been usually included under the present order, 
diflS^ from Polypi in having no tentacula, but 
imly cilia, surrounding the margin of a bell- 
sha|)ed body, which is mounted upon a long 
and slender foot-stalk (Fig. 77).* Currenta are, 

■ • They also differ from Polypi in having a distinct iatestinal 
canal, with numerous stomachs. 
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as usual, nsetted by n^ikrattons ^ the cilia ; 
which in the diapler speciesi, such as the 

f V<yriicdla cyathina^ here deli’ 
nested, are the efficient in- 
struments of i^gressive mo- 
tion. When attached fa j- its 
foot-stalk, the vorticella ^ad- 
vances in search of food, fey 
the extension of the foot-stalk 
into a straight line ; fautquickly 
retreats from danger, fay suddenly throwing 
it into spiral folds. Many of the sfWicies of 
vorticellsB are so exceedingly diminutive as to 
be imperceptible without the aid of the micro- 
scope. They conduct us, therefore, by a natural 
gradation, to the next order we have to notice, 
and which is composed wholly of microscopic 
animals. 


^4. InJusoriaJ . 

The Infusory animalcules, or Infv^oria, were so 
named by Muller, a Danish naturalist, frmn the 
circumstance of their swarming in all infusions 
of vegetable or animal substances that have 
been kept for a sufficient time. They are, in 
general, far too minute to be perceptible to the 
naked eye: it is to the microscope alone, 
therefore, that we owe our knowledge of their 
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iaild of the carious pb^iotena thep 
present: yet even the best instruments 'affearS usi 
but little insight into (heir real organisatioaiaiid 
physical conditions. On this account it is sexi* 
tmnely difficult to assign their true place -iiS lhe 
scale of animals. By most systematic writfeiy 
they have been regarded as occupying the very 
lowest rank in (Jie series, and as exemplifying 
the simplest of all possible conditions to which 
animal life can be reduced. Monads, which are 
the -smallest of visible animalcules have been 
spoken of as constituting “ the ultimate term of 
animality;” and some writers have even ex- 
pressed doubts whether they really belong to the 
animal kingdom, and whether they should; not 
rather be considered as the elementary molecules 
of organic beings, separated from each other by 
the effects of chemical decomposition, and re- 
taining the power of spontaneous, but irregular 
and indeterminate motion . 1 1 was conceived tliat 
all material particles belong to the one or the 
other of two classes ; the first, wholly inert and 
insusceptible of being organi2ed ; the second^ 
endowed with a principle of organic aptitude^ or 
capability of uniting into living masses, and con- 
stituting, therefore, the essential elements of ail 
organization. According to this view, all vege- 
tables or animals in existence would be n^e 
aggregations of infusory animalcules, which gra- 
dufdly wjcumuiate by continual additions to 
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their derived from organic matter 

m the ifoodii so that the body of mmi himself 
AiMwtld be nothing more than a vast eongregation 
of monads! 

This bold and fonciful hypothecs, devised by 
Bulfon, and recommended by its seductive ap- 
pearance of simplicity, as well as by the glow- 
ing style and brilliant imagination of its author, 
has had many zealous partisans. The new 
world, which was disclosed to the wondering 
eyes of naturalists by the microscope, abounding 
in objects and in phenomena of which no con- 
ception could have been formed previously to 
the invention of that instrument* was peculiarly 
calculated to excite curiosity, and to inspire the 
hope of its revealing the secret of the living prin- 
ciple in the arrangement of the atoms of organic 
bodies. During the greater part of the last cen- 
tury, infusory animalcules were the subject of 
frequent and laborious microscopical research, 
and gave rise to endless conjecture and specula- 
tion as to their origin, their vitality, and tJieir 
functions in the economy of nature. Notwitln 
standing their minuteness, considerable difi'er- 
ences of organization were perceived to exist 
among them : but many naturalists still clung to 
the idea that monads, the most diminutive of the 
tribe, and whose very presence can be detected 
only by the application of the highest magni- 
fying powmrs, are homogeneous glebqles of living 
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n^d^er, ivi^ioiat oi^;afiization,« bii4 ^idiOiiFedf/fdlsh 
tiheisii^ie attoribute {tf ^rduntary rnedon p^aad 
evsea this j^ropairty was denml to tb^m by soote 
authors. 

< All these fanciful dveams have been dispelled 
by the important discoveries of fihrenberg^ who 
has iecently found that even the Mmas UrmJo is 
possessed of internal cavities for the reception 
and die digestion of its food ; and who has ren- 
dered it probable that their organization is 
equally complex with that of the larger species 
of infusoria, such as the Rotifera, in which he 
has succeeded in distinguishing traces of a mus- 
cular, a nervous, and even a vascular system. 

Those animalcules, whose form can be at all 
distinguished, exhibit a great diversity of shapes, 
and variety of modes of progressive motion. 
Many, as the Cyclidium^ have the appearance of 
a dun oval pellicle, smoothly gliding in all di- 
rections through tlie fluid : some, as the V@lt>ox, 
are globular ; others, as the Cercaria, are shaped 
like a pear, tapering at one end, and often ter- 
minating in a slender tail, so as to resemble a 
tadpole. In many, this tail is of great length ; in 
some, as the Furcocerca, it is forked ; in others, 
it takes spiral turns, like a corkscrew. The 
Kerona has processes like horns. The shape of 
the Vibrio is cylindrical, and more or less 
pointed at one or both ends, like an eel, or a 
serpent, which animals it also resembles in its 
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tnidulalfxr^ Raode of .fiMwming.f /Some, asitlie 
Qomuniy •lia've an : OAgulaf , others, as the K.ol~ 
podoi a.wa’piag: outline^ > Some, as ther Urceolarm, 
present the likeness of a bell or funnel* and 
appear to be analogous to the Yortioella^ in 
which genus they should probably be included* 
Forms still more irregular are exhibited by 
other infusoria. Of these the most singular is 
the Proteus (Fig. 78), which cannot, indeed, be 



said to have any determinate shape, for it seldom 
remains the same for two minutes together. It 
looks like a mass of soft gelly, highly irritable 
and contractile in every part ; at one time wholly 
shrunk into a ball, at another stretched out into 
a lengthened ribbon ; and again, at another 
moment, perhaps, we find it doubled upon itself 
like a leech. If we watch its motions for any 
time, we see some parts shooting out, as if sud- 


* Animalcules referable to this genus are met with in gtieat 
numbers in blighted wheat, (Fig* 2, p. 62) in sour paste, and 
in vinegar which has lost the whole of its alcohol. In this last 
fluid they sometimes attain so large a size as to be visible to the 
naked eye. 
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denif dniSaited^ a»d branching forth auto 
tadiatians^ or aaanming various grotesque shaipeis, 
vrhib 'Other parts will, in like taanner,!sl^ as 
Apiibkly contracted. Thus the whole figure may^ 
in mi instant, be completely changed^ by meta^ 
morfihoses as rapid as they are irregular and 
capricious. 

' ! The Vohox globator (Fig. 79) is found in pro'- 
digious numbers at the surface of many stagnant 
pools. Its figure is perfectly spherical; and its 
movements consist in a continual and rapid 
rotation round its axis, frequently remaining all 
the while in the same spot. Another species, 
the Volvox conjlictor, moves by turning alter- 
nately to the right and to the left. 

'The progressive movements of infusory ani- 
malcules are of two kinds, the one consisting in 
a smooth and equable gliding through the fluid, 
produced apparently by the vibrations of cilia, 
which are set on various parts of the body, and 
often seem to cover the whole surface : the other, 
more rapid and energetic, when the animalcule 
dmrts forward in*a particular direction, as if in 
pursuit of prey, and jwoceeds by sudden and 
irr^ular starts, like a vivacious insect or fish. 
The voluntary nature of their motions is evident 
from the dexterity they display in avoiding ob- 
stades, while swimming together in myriads in 
a single drop. 

The great agent in the movements of the 
animtd frame being the muscular fibre, it was 
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naluiml to suppose that a texture analogous 4o 
that of museles might exist in tliese latter genera 
of infusoria. It was not till very; recently, how<- 
ever, that the actual presence of contractile hlires 
ootdd be recognised. But this problem has at 
length l>een solved by the discoreries of Ehren^- 
berg, who, in his obsen^ations of the laiger and 
more highly organized species belonging todhe 
order of Roti/era, has, with a magnifying powcar 
of 380, distinctly seen muscular bands running 
in .pairs between the two layers of transparent 
membrane which envelope the body. When the 
animalcule throws itself into its violent lateral 
contortions, these fibrous bands are observed to 
become .broader and thicker, as well as sliorter, 
on the side towards which the contractions take 
place. There can, therefore, be no doubt that 
these are muscular organs, and that they are the 
real agents by which the motions witnessed arb 
effected. ^ 

These Roti/era, or wheel animalcules, are so 
named from their being provided 
M ith an apparatus for creating 4 
perpetual eddy, or circular cur»t 
rant in the surrounding ilutd. 
The remarkable organs, by which 
this effect is produced, aregeaae~ 
rally two in number, (Figi 
and are situated on thebead» hut 
do not surround the opening of 
the moutlivas is the case with the tentacula of 
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jM»lype8. ■ They consist of circular disks, the 
margins of which are fringed with rows of cilia, 
bearing a great resemblance to a crown wheel. 
This wheel appears to be incessantly revolving, 
and generally in one constant direction ; giving 
to the fluid a rotatory impulse, which carries 
it round in a continual vortex. The constancy 
of this motion would seem to indicate that it is 
related to some function of vital importance, 
such as respiration. But even considered as 
a mechanical action, which is the view we have 
now to take of it, this phenomenon is of a nature 
to excite much curiosity ; for the continued 
revolution round an axis of any part or appen- 
dage to the body, is quite inconsistent with 
any n<rt;ion we can form of the solid organic 
attachment of such appendage ; and we can 
have no conception of organization extending 
through the medium of a fluid, or of any sub- 
stance, which, like a fluid, admits of the con- 
tinual displacement of its parts. Mr. Dutrochet 
has offered an ingenious solution of this difficulty. 
He su^ests that the revolution of the wheels of 
the Rotifera may not be real, but apparent only.* 
The indented margin of each wheel being com- 
posed of a material so exceedingly flexible^as to 
be capable of assuming quickly all kinds of cur- 
vatures, may be ‘ conceived to be thrown int© 
undulafloiis»‘ which follow tme anoth^ rouudb.tlm 


• TI)e same opinion aias advanced long t^o by Vic^. 



M'HEEL ANIMALCULES. Ifll 

circumference ; each part, in succession, be- 
coming alternately convex and concave, and 
thus producing the appearance of the actual 
advance of the portions that are raised ; while 
their real motions are only those of elevation and 
depression, by the elongation and contraction of 
their perpendicular fibres. 

Besides possessing extensive powers of loco- 
motion, the infusoria manifest in several of 
the vital functions, as we shall hereafter find, a 
degree of complication, which appears to entitle 
them to a higher station in the animal scale, 
than that which most naturalists have assigned 
to them. They are certainly superior to the 
sponges or the polypi, doomed by nature to he 
permanently fixed, like plants, to the same spot; 
and of which, if we consider them as compound 
beings, the individual animals are often so mi- 
nute as to be scarcely visible without the aid of 
the microscope. Mere size, indeed, is of all the 
circumstances attendant on organized beings, 
that which should least be assumed as the crite- 
rion of complication or refinement of structure. 
An object is great or small, only in relation to 
the standard of our own limited and imperfect 
saises; but with refarence to the operations of 
cremive power, all such distinctions must vanish. 
There is not, as fax as we have the means of 
judging, in the colossal fabric of the elephant, any 
structure more complicated than exists in the 
minutest insect that crawls unheeded at our feet. 
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FjjqAtIno masses of living gelatin<(»is iflMter 
are met with in every part of the ocean ; often 
in vast numbers, and of various forms ; and hav- 
ing but lhlle the appearance of belonging to’ thO 
animal kingdom. They compose the order Am- 

lepha, of which the 
Medusa (Fig. 81 ) may 
be taken as the type. 
They appear, from 
their organization, to 
be raised but a single 
step above polypi fund 
in point of activity arid' 
locomotive powers, they 
rank among the lowest 
of those Zoophytes 
which ate riot permanently fixed to the Spot 
where Ui'ey were first developed. They ate 
almost wholly passive beings, floating on fhC 
sOrfitce of the sea, or remaining at a small depth' 
belo’w it, carried to and firo by the motion Of 
every tide and current, and destined tO Be ''the 
untesisting prey of innumerable tribes of aniirials 
which people every part of the ocean.' ' s . 

Theriittal form Of a Medusa is that of a hemk- 
phdte, W'ifli a marginal membtariO, thO 
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t»f a mantle, extending loosely downwards from 
the circumference; together with a central pe* 
diole descending ihe lower surface, like the 
stalk of a mushroom, and terminating below in 
9ererul fiinged laminae, or processes, which have 
sometinms been denominated tentacula. 

The whcde substance of the body of these 
naedusae is semi-transparent and gelatinous, with- 
out any distinct fibrous structure; yet it has 
cmisiderable elasticity, and possesses also some 
degree of contractile power. The animal is 
see^ alternately to raise and depress the mar- 
gin of its hemispherical body, and to flap "with 
the fringed membrane or mantle, which descends 
from it, in a manner somewhat similar to the 
opening and shutting of a parasol. This pulsa- 
tory movement is performed about fifteen times 
ip , nvery minute, with great regularity ; and by 
the reaction of the water, the animal is sus- 
tained at the surface ; or by striking the water 
obliquely, it may even perform a slow lateral 
movement. They descend in the water by 
simply contracting tlieir dimensions in every 
direction. Sometimes, in order to sink more 
qpickly, they turn themselves over, so that theiic 
cpnve^ part is undermost. 

Medqsse are met with of very various sizcn i 
the larger abound in the seas around our coast i 
but immense numbers of the more minute and 
olten microscopic species occur in every part of 

VOL. I. o 
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tli^' Itt' ' Borne parts of the Qre^f^d 

si^* they swBrto to such an extent that they 
a visible tinge to the colour of the waVeB' fov 
huhdteds of miles. The total number of tfifese 
nhitbals dispersed over that space sutpasses^'^B 
utthost stretch of the ittiaginatioa. In- 
situations a cubic foot of water, taken indi^ti- 
miiiateiy, was found by Mr. Sooresby to eenthin 
abdve 100,000 of these diminutive medusae. 

feelonging to the tribe of Medusariais a sin- 
giilai* genus, denominated the Beroe, (Fig. 82 
and 83,) which is remarkable for its orgariS’ Cf 



progressive motion. Its body is either globuldr, 
or oblong, and it swims with its axis in a vertical 
position. Eight longitudinal bands or rtc%eb, 
i^iiich have been sometimes compared tb 'tibS, 

*i'n : ■ ' , . 'ft 

<t i{tie ItttnioDits property of sea woter, or iit pk(iBfihor<oseakbkf 
BS it is soraetimes called, generally arises from the presence of 
feiitifete meMnBm, fedildl are met with in greatest numbers at the 
surface, being specifically lighter than the surrounding fluid. 
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4Awa its sides» lik^ those of a ^elon ^ 
and eaeh of these is attached a set little 
membranes, extended horizontally, and snp- 
ported on radiating fibres; so that they bear a 
ppetty exact resemblance to the hn of a hsh. 
Thmr action is not unlike that of the wings of a 
bir4i for they are made to flap up and down, 
striding tlie water vertically, and communicating 
an ascending impulse to the body. This animal 
is also provided with two very long and slender 
processes, which come out from the sides of the 
body, and from these a great number of still 
finer filaments, or cilia, proceed: the whole 
apparatus is highly sensitive and irritable, and 
on,, the slightest touch the filaments are thrown 
into spiral coils, and retract rapidly within the 
body. They thus act the part of tentaOuIm pr 
delicate organs both of touch and of iwe^ettrr 
sion.* It was oI»erved by Fabricius, that 
a Beroe is cut into many pieces, each piece con- 
tinues to live, and to swim about by the action 
of the cilia, which still continue their vibratory 
motions. 

In two other genera of Acalepha, the Pprpita 
and the Velflla, provision is made for tlie me- 
chanical support of the soft gelatinous mass, hy 
means of an internal cartil^e. In the former, 
this cartilage is of a circular form ; in the latter, 

, * See a4e8cription of the Beroe pilem^ Lam. Dr^ Grants, io 
the Transactions of the Zoolc^icai Society of iondop^^wl. i. p. 9. 
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(Fig. g4), it is oval, and bears upon its, upj^r 

iSeihb'r^ne '6if*l4 inik^ular 
v^ich extends tlie whole len^h # tlie 
li^pei^ surface of the body. As this niemifei^e!^ 
is iioUnected with the cartilage at its middle’ pa^ 
Only, while its edges alre loose and floating, it if 
peculiarly adapted, when above the su^ce of 
the water, to catch the wind and act as U sail. 
Suclii indeed, appears to be the purpose fo^ 
which it was given to the animal ; enabling It to 
Steer its course by means of the loose edges, and 
also of the tentacula, which extend from the 
lower side of the body, and act as a rudder, 
while the sail is impelled by the wind. 

A construction still more artificial is provided 
in another family of the same order, dehorai- 
nated the Physalida, or Hydrostatic Atalmha. 
'iTiey have attained this latter appellation from 
their beiiig rendered buoyant by means of 
vesicles filled with air, which enable therii to 
float without the necessity of using any exertion 
fhrUhat purpose. Iflie Physalia, Or Porfughc^e 
Man-of-War, as it is called, (Fig. 85, )‘ is fur- 
nished with a large air-bladder, of an'p^hl 
shape, placed on the upper part of the b'od'j^'i 
afid. al^ with a membrane of a beautiful purplfe 
ColdUr, which, as in the Velella, serves as a saih 
The^ Zoophytes are met with in great nunibeire 
in jthe J^tTantic Ocean, and more especiaffy m 
its \imrmest regions, and at, a consideral^le 
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ta^c^c frc^ jiaod. In cal^ irea^r the^ float on 
thp, surface of th^ sea, reswinig thejir 
creats, ,aiid appearing . at; first, like large air 
fiubbles^ but distinguishable by the vivid hues 
of the tentacula which hang down ben^th tliem. 
Jfothing can exceed the beauty of the spectacle 
pre^nted by a numerous fleet of these wimals, 
quietly sailing in the tropical seas. Wfienevei: 
the surface is ruffled by the slightest wind, they 
suddenly absorb the air from their vesicles, and 
becoming thus specifically heavier than the 
w;ater, immediately disappear, by diving into the 
still depths of the ocean. By what process 
ihey effect these changes of absorption an4 of 
reproduction of air yet remains to be discovered. 
Other genera, as the PAy«sop/<ora, .have several 
of these air-bladders; but in other respects 
resemble the ordinary Medusae, in having no 
membranous crest. 

j Tlie Actmitp are a tribe of Zoophytes, which, 
from the general resemblance of their forms to 
those, pf Polypi, are by most naturalists in- 
cluded under that order. But they exhibit a 
mpeh, greater developement in their organiza- 
tion; ,h^^***g distinct muscular fibres, en- 
dowed' with strong powers of contraction. Their 
di^(^4ye organs, also, as I shall have afterwards 
occas^n more fully to notice, are constructed, 
upon a mote complicated plan than in the poly- 
pus. Fig. 86 exhibits an Actinia in its con- 
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stote. When tiieir t^tacula^ Which stiT- 
ii^'nd fh^ Month, and aie very ndMeitna, n^e 
fatly expanded, (as shown irt Fig. 87,) thCSfe 



atilniaia present a striking analogy of form to 
many of the compound flowers ; and accordingly 
the particular species are named from these re- 
semblances, the sea-anemone, the sea-tnotygold, 
the sea-cartuxtion, the sun-flower, daisy, &c. Ac- 
tiniae «ce ween in great numbers on many shores, 
adl^iing by their fiat surfaces to rocks, and 
b«|i^ generally permanently fiared to their abode. 
When the weather is fine, and the sea calm, it is 
ve^ amusing to watch the rapid expansions and 
retractions of their many coloured tentacula, 
while they are moving in search of food : to ob- 
serve the quickness with which they seiase on 
whatever prey comes within their reach, and to 
notice the suddenness with which they collapse 
into a round contracted mass, on receiving the 
sl^test injury. 

Yet these animals are not of necessity con- 
fined to the particular spots where we see them 
fixed ; for they are capable, when disturbed, of 
seeking, by a slow progressive motion, a more 


£CI|ilNpi>RRMATA. 199 

se|9ju^ Reapmpr luas ^i»utely pxi^ined 

thp aic^gciment^ of tfeeir musiculai: fibm, and 
lias described the actions by which |;hey either 
attach themselves to the surfaces of rocks, or 
effect thdir sluggish movements.* 

§ (i. Echimdmviata. 

Ascending in the scale of organization we come 
to, the Echimdennata, a class whicli compre- 
hends the Emilies of the Asterida, the Echinida, 

• Holothurida, and the Cr» widen, together 
with other tribes of less note. 



These animals, both in their general form, hud 
In the arrangement of their internal dr^S, 


' ' '^ iNUUKures de i'Acadimie des Sciences, 1710, {>. 490. 
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fretyiOBariced/iaaiiher^i^tbe’aradia^^ 
4bl|)(Mtitiini fo^^dramjterisiic iof *3Ioopbyte»itifer'i 
W)a>£ndli aUi theii^ parts symmetrically aia^^edl 
eijthier in lihesj or in compartment^ wii^ich iprttt* 
oeed from a common c^tre, or axis,' and wiiicir 
are nefwated, in regular succession, all inimd the 
circumference (See Fig. 88 to 94). Besides an 
external homy, <waemi-calcareous coreruiig, there 
is also provided, for the support of the softer 
parfe^ a kind of internal skeleton, or jointed 
frame-work. The organs in the interior of the 
body are fiirther supported by membranous waflls, 
which impart mechanical fimoness to the fabric. 

The A sterias, or star-fish (Fig. 88), is so named 
froto its star-like fonn ; and the number of rays 
com|)osing the star is generally five. Besides 
the iough coriaceous int(^ment, which protects 
the mass of the body, each ray is farther sup- 
portesd by a series pf calcareous pieces resembling 
tfiosp wfikh conipQse the spinal column of werte- 
bratcd animals, and forming an articulated axis, 
constmcted with the evident design of combining 
the, greatest strength i^ith a proper degree of fljejd- 
bili^. Cartilaginous plates are also added for the 
ipore special support of the integument. ,This 
integument itself is kritable, and has the power 
of , Ranging ifo fonn,, although the muscular 
filjiBs by wjtich its motions are «0Fect«d are not 
easily distingwi,rfied,. C^lcarewis grains, of a solid 
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^i»lmitencc^liarei11ikld}^.mt^^ 4hn>ugi»0tit 
tat textaseH^ >atwi tiiesei rin; varidus^ parts oof jSie 
liod^f /^oth ' in ishe uppa:< asdi the #id^ side, 
oftea tpKii^ect from, the surface in the form of 
st»UDuee dr prickles. • They are particulariy large 
aitubd the mouth ef the animal, which opeiis at 
the ceaitre of the under side. These calcareous 
masses have a crystalline arrangement, and ex- 
hibit in fracture the exact oblique angles charac- 
teristic of the primitive rhomboid of carbonate 
of lime. 

iThe undea* side of each ray (Fig. 95) has a 



groove termed, by Linneus, the umbidatt'mk, or 
menm, a name which it has received fi'om fts 
fanciOd resemblance to a walk between rows of 
trees : for each groove contains a quadruple row 
of perforations, like pin holes, through which 
small fleshy cylindrical processes pass. Th<^ 
processes extend but a short distance ftom the 
surface; but they admit of being elongated, br 
retracted, at the pleasure of the animal, by a 
very curious mechanism, which I shall presently 
describe. By bending them on either isdde, in 
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exj?!an4iBd 8tat#» tlie A8teri^,i|( 
eiG^ctmg a slow pn^r^aive motion ; ^o that titiipae 
process may be regarded as cor^pondiijgito 
feet, being levers for the advance of the hojiy- 
Ti^, it may be remarked, is the drat time that 
we; meet with organs of that description in pur 
progress through the animal kingdom. Each of 
these feet is terminated by a concave disk, which 
when applied to any flat surface acts as a sucker, 
on the principles already adverted to.* ReaU' 
muT counted 304 of these feet in each of the sfive 
rays of the star fish, making 1520 in alLf Each 
foot consists of a tube, closed at the outer pud, 
and the stem of which, after passing through 
the aperture in tlie integument, is dilated into a 
bag or reservoir of fluid ; as is shown in Fig. 07. 
By the contraction of this reservoir, the fluid it 
contains is propelled into the outer portion of the 
tube, which protrudes by being thus distended ; 
the foot fixes itself by means of its terminal 
fleshy disk to the point it touches, and then, by 
retracting, draws the body along for a short dis- 
tance. By the retreat of the fluid into its reser- 
voir, the foot is again detached, and ready to be 
^oved forwards, and is thus made instrumental 
in taking another step, by a repetition of ^ 

• Pag« 137. 

t Memoires de TAcademte des Sciences, 1710, p, 487. 
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prod4i^i* Frran tfele flhoitiiess of tlsese feet, 
Aotwitlisi^Ming their great number, the adtance 
whi^ ibis animal can make in any particular 
dire^ion is exce^ively slow. 

Bei^des this movement of creeping, the Asterias 
IS Capable of bending and unbending each of its 
rays; atitions, however, which it can perform but 
tery slowly, and not to an extent Sufficient to 
accomplish its removal from one place to ano- 
ther.f 

The skeleton of the Echintis or sea-urchin, 
(Fig. 91), is still more artificially framed than 
that of the Asteiias. It has a spheroidal form, 
like that of an orange ; the calcareous material 


♦ The mechanism by which the feet are protnided and re- 
tracted is illustrated by the diagmm, Fig. 97, which exhibits the 
bladders connected with them, in different states of distention 
and contraction. Fig. 96 shows the upper side of the ambu- 
lacra, and of the bladders connected with the feet. Dr. Grant, 
from some observations which he made on the structure of die 
cilia of the Beroe pileus, is led to suspect that the rapid vibra- 
tions of these singular organs in the lowest animals may depend 
on the undulations of water conveyed through elhstid tubes 
along their bases, in a manner resembling the injection of the 
tubular , tentacula of Actinia? and Asteriee. If this conjecture 
were verified, he remarks, one of the most remarkable phenomena 
of animal motion, though one of the most frequent, would lose 
much of its present marvellous character. 

t In addition to these larger tubes, there exists also a smallerset, 
which pierce the skin in different places, and are channels for 
the absorption of the water used in respiration, tliese I shall 
have occasion to notice more particularly hereafter. 
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emj^loyed in its constniction, instead of fofi^ng 
iswated jgrains^ is accumulated and e^tei^ra 

into, polygonal |>|iates 
(Fig. 98), the ed^es 
of which are dove 
tailed into each ptl^er. 
The form of each 
piece is that of a 
lengthened hexagon.; 



J'T 

.. i 


and tjie whole are regularly arranged in rpws, 
lite a mosaic tesselated pavement. Amha- 
lacra are also seen on the surface of the sheU, 
passing vertically dow'n the sides of the 
similar to the meridians of a globe; and 
tainipg, like those of the Asterias, a double row 
of perforations.* 

On the outer spherical surface of the ex-» 
ternal crust, there are , formed a great Quinber 
of calcareous tubercles, arranged with beautdhl 
regularity and symmetry in double lines, pf^S-, 
ing, like meridian circles, from the upper to j;ha, 
lower pole of the sphere. Each appears, when 
magnified, to be a smooth and solid ball, pro- 
jecting from the surface of one of the polygonal 
plates of the crust. These balls serve for the 


* An architecture of a still more curious description is exhij^it 
in the calcareous frame-work that has been provided fpr t 
support of the teethe Md other oi^ns of mastication „ with 
this animal is furnished. The structure of these organs will be 
noticed when treating of that function. 
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applicaiion lo the spherical surface of the tu- 
hefciicls. ’Rxey thus constitute ball-and-^socket 
joili'tV, allowing of free motion in all directions. 
Each joint is connected with the plate on which 
it turns, by means of the integument, which 
acts thu part of a capsular ligament; and selfii 
of radiating muscular fibres are provided for 
effecting the movements of the spines. By 
employing these spines as lev^, the Ecninus 
advances with great facility arohg plane sur- 
faces at the bottom of the sea. This animal 
is alsb aided in its progressive motion by the 
employment of suckers, which are placed at 
the end of the slender tubes, protruding from 
the pores of the ambulacra, and analogous to 
those of the Asterias. 

The Spatangm, a genus belonging to this order, 
buried itself in the sand by the action of its 
spirits, which on its under surface are short, 
thifck, and expanded at the ends, like the handle 
of* a'sppdh, with the convexity downwards ; and 
which have a limited rotatory motion. Those 
which grew from the sides are more slender, 


* It has been ascertained by Mr. Haidinger^ that the struc- 
ture of these spines is crystalline, and that their cleavage pre- 
sents the exact rhomboidal angles characteristic of carbonate 
of fhne. See hts Translation of Mohs’s Mineralogy, vol. ih 
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the e35tewitie»» ahd^when 
in use they fell flat upon the bpdy 
th«ar pohits (hrected backwards. Besid^Si ihj&§e# 
thcs^e are a few longer bristles, arranged, ift .h 
crescent <m the back, and convei^H^ till their 
p#lts jue^ but capable of beii^ erected tP 
a perpendicular position. The aninaaj, when 
placed on sand, commences its operations by 
revolving the lower spines, thus soon creating 
a hollow quicksand, into which it sinks by its 
own weight so* far as to enable the lowest of 
the lateral spines to cooperate with them, by 
scattering and tlurowing up the loosened par- 
ticles ; while these, at the same time, contribute, 
by their reaction, still farther to depress the 
bedy- As the animal sinks, a greater number 
of spines are brought iuto action, and its .pro- 
gress becomes more rapid ; while the sand, 
thojt had been pushed aside, flows back, and 
covers the body, when it has sunk below 
the level of the surfece. In this situation the 
long dorsal bristles come into play, preventing 
the sand from closing completely, and preserv- 
ing a small round hole for the admission of 
water to the mouth and respiratory oigans.f 
Whenever, in following the series of qiganic 
structures, new forms are met with, we always 


* Th() sccount Here given is taken frata Mr. Oder's i^ap^rs in 
0)0^ PHiioaOpbipai TraatactionB for 1826; p. 347, 
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finfd accdunf^iijied by coi^fWHidteg mddi- 
%£itions in the precesses of develepement. T^e 
oi*g;aWzation of the animais betongihg to the 
lowest division of the series is not sufficiejitly 
perfect to afford the means, which are ST^fdied 
in the higher animals, of removing or modifying 
the substances that have at any time been de- 
posited, and suffered to harden. Hence the 
structures composed of these substances remain 
unchanged during the life-time of the animab 
although they may continue to receive additions 
of new layers of the same material, deposited 
uptai their surface by the soft parts in contact 
with them ; for it is through the medium of the 
soft parts alone that these materials are supplied. 
All the solid structures of zoophytes are formed 
by this process, and they are subjected to all 
the consequences of this law of increase. As 
these consequences are important in their reta* 
tion to the conditions of growth, and to the forms 
which result, it will be necessary to direct our 
attiention to them more particularly. 

The influence which this mode of mcreaise 
by superficial depositions may have, in chan^ng 
the form of the original structure, will depend 
altJOgether upon the relative situations of the soft 
secreting organ and the hard part on which 
it is to deposit new layers : for, as every hew 
layer must occupy the situation of the soft organ 
which has formed it, it must displace the latter, 
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and push it back for a space equal to its own 
thicko^. In process of time, the addition of nijlf* 
merous layers having led to successive encroach- 
ments of the solid substance, the latter will have 
been displaced to an extent wliich must sooner 
or later become sensible. If the soft organs have 
sufhcient room for their expansion, as is the 
case when they are extenial to the hard axis 
of the zoophyte, the growth of that axis may go 
on without impediment ; and no change need 
take place in the general figure of the parts, 
since their relative proportions and situations 
may l)e preserved unaltered. But this cannot 
happen when the new materials are to be de- 
posited on the internal surface of a membrane, 
or a shell, which completely encloses tlie soft 
parts : for tlie additions thus made to the thick- 
ness of the layer must encroach upon tlie space 
M'ithin ; and, that space being limited, the soft 
parts contained in it will not merely cease to 
grow, but will be actually contracted in their 
dimensions : and if the process of deposition 
were to go on, the space occupied by the .soft 
organs would at last be entirely filled up with 
solid matter, and the cavity l>e obliterated. Ac- 
cordingly it is necessary, whenever cells, in- 
,tended for the lotigement of soft are to 

be constructed of hard materials, that the foun- 
dation of these cells should be laid, and their 
construction begun, upon a scale of the same 



rtS flmt wMch they are iirtemled to have 
j#%lt ftfftJte penads i, because, aS vve have just 
sifeti, the Innerihost layer has heeii depo- 
sited, they admit not of any future enlargement 
of their Cavitj'. Tlius vre tind that, iu the case 
of polypes Vk’hich are lodged in cells, the walls 
of these cells must be completed before the soft 
poly[)6us portion has attained its full expansion ; 
for were it at first built of a smaller size, propor- 
tioned to that of the young polype, it would 
pteVent all farther growth. 

’The globular shell of (he Echinus, which is 
('Eternal to the soft parts that nourish it, and 
uhich yet grons from a very niinutft sfdiere 
to one of large dimensions, keeping pace with 
the' gradual expansion of the internal organs, 
might appear to bo an exce])tion to the general 
la’w. Nature has, ho\v(;ver, accomplished her 
purpose withoTit deviating from her usual plan ; 
first, by <lividing the shell of the Echinus into 
a gfiCat number of small pieees ; and secondly, 
bj^ giving to each ]>ic<'C the polygonal form, 
wfech is best a<laptcd to their mutual and per- 
fect junction, uithout leaving any intervening 
spUt'C's. Thus has she provided for the enlarge- 
ment of the whole structure, by admitting of 
additibtis being made to the margins of cacli 
of’fhe separate polygonal pieces; frt«h layers 
of did'enreous substance being deposited ori the 
nridet side, and on the edgt^s of eacii, in juo- 
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j>ortioQ as the expansion of the contents of the 
shell causes their separation. TJiat such a suc- 
cession of deposits has taken place, may easily 
be seen, by minutely examining the texture 
of Uie plates, which will be found marked by 
corujentric polygonal lines. (T^ig. 90.) 

TJie spines of the Echinus must be formed by 
the successive deposition of layers on their outer 
surface, as appears from the examination of 
their structure, when a longitudinal section of 
them has been made. The lines exhibiting the 
succeasi<in of layers ai'<i seen in Fig. too, which 
represents sucli a section. Hence they are pro- 
bably deposit<‘d by the mem})rane Mhich covers 
them during the wlude period of their growth. 

There is probably no series of animals that ex’- 
emplify iJJ so marked a manner as th<' Echino- 
dermata, the gradations which nature has ob- 
servfjd in passing from one model (d' construction 
to another of a totally diflerent asi)ect, through 
every intermediate form. What shaj)cs can be 
more diversitied, and apparently irreducible to a 
common standard, than tliose of the star-like 
Asterias, (Fig. tWi) of the globular E( hinus, (.Fig. 
91) and of the lily-shajHjd Pentacrinus ; (I'ig. f>4) 
and yet we find these passing the one into the 
other by the most gradual transitions ? Setting 
out from the star with five slender rays, which 
is the standard form of the Asterias ; we find the 
rays, in succeeding species, assuming gradually 
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a greater breadtll at their base, and their sides 
joining at more obtuse angles: the star-like 
form is gradually effaced, and the outline is 
rather a pentagon, with its sides curved inaards 
(Fig. 89), We soon perceive this curvature 
giving place to a stmight line, so that the shape 
liecouies an exact pentagon. The next change 
effected is in the angles of this pcnitagon, which 
by degrees arc lost in a general rounded outline; 
still, however, preserving its Hatness. This 
stage is attained in the ScutelUi, and the fV//- 
peaster. (Fig. 90.) W<* next find that, in the 

iSp<ita»siHs, the thickness increases; though at 
first with an oval outline, and with several 
changes in the situation of the month of ihc^ ani- 
mal. At length, after passing through many in- 
termediate htej)s, w(! arriv(' at the p{rfectly cir- 
cular and spheroidal Evhiuvs. (I'ig. 01.^ If we 
might be permitted to eonjeetun; the objects of 
all these changes, which oc< ur in this continnons 
gradation, we might not unreasonably supijose 
them to be tlie eon<'entration of the internal 
organs into one compact mass, and the retrerich- 
ment of all the external appendages. It is also 
carious to ob.sei’ve, how, amid.st all th(«e modifi- 
cations, the double rows of perforations, w hich 
constitute the ambulacra, retain their situations, 
diverging in five equidistant lines from one ol' 
the extremities of the axis, and winding round to 
the other. 
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Returning to the Asteriae, we can trace changes 
«lually gradual, though in an opposite sense, in 
another series, which presents a striking con- 
trast with the fonner. Here, instead of the re- 
trenchment of the appendages, we find them 
greatly developed, and amplified in every pos- 
sible degree. The rays of the Asterias become 
narrower, while tlu ir length is at the same time 
increased^; the vital organs, and also the tubular 
feet, arc gradually withdrawn from them, and re- 
tire within a central disk, to which the slender 
rays, now berefl of feet, become mere appen- 
dages. Such is the condition of the Ophiura. 
(Fig. 02.) By the prolongation and tapering of 
these rays to shnider filaments, they acquire a 
greater j)rehensile jmw'er, and twine with cast; 
round their prey. We lu'xt find their number 
augmented ; it is at first doubled, then tripled, 
and at lengtJi indefinitely augmented. They 
also becoirie branched, subdividing by simple 
bifurcations, as in the Emyole pahnifermn (Fig. 
03) ; next into minuter ramifications, as in the 
Caput Medmee, where the thousands of filaments 
have the appearance of a tangled web, which 
defies all attempts at unravelling. 

The steps are but short from the Comatula to 
the Crinaidm, or lily-shaped tribe, (of which. 
Fig 94, representing tlie Pmtacrimts ettmp^us, is 
an example); for they consist chiefly in the 
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additKHi of a jointed stalk, which is made to pro- 
ceed downwards from the centre of the wholt^ 
assemblage of rays, and which is to serve as 
a common stem for sustaining the whole mass 
while the bram^hes themselves are carried up, 
and folded inMurds. The hwer joint of the 
foot-stalk is a little expanded, in order to pro- 
cure a more extensive Iwise of support ; and the 
whole stmcture thus presents a remarkable rcv 
seniblauce to a liliaceous plant. 


('haj'Tku 111. 

MOLLl'SCA. 

1 . Mol/mcn in genera/. 


The series of animal structures, arraiiged ac- 
cording to their meehanu*al functions, coruhicts 
us next to the Mollmca; an assemblage of 
beings which was first, recognised as constituting 
one of the primary divisions of the animal king- 
dom by Cuvier, the greatest naturalist of modem 
times. A vast multitude of 8j)ecies, possessing 
in common many remarkable physiological cha- 
racters are comprehended in this extensive class. 
In all, as their name imports, the Iwdy is of soft 
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consistence ; and it is enclosed more or lest com- 
pletely in a muscular envelope, called the mantle, 
composed of a layer of contractile fibres, which 
are interwoven with the soft and elastic integu- 
ment. Openings are left in this mantle for the 
admission of the external fluid to the mouth and 
to the respiratory organs, and also for the occa- 
sional protrusion of the head and the foot, when 
these organs exist. But a large proportion of 
the animals of this class are acephalous, that is, 
dtistitute of a luiad, and the mantle is then occa- 
sionally elongated to fona tubes, often of con- 
siderable length, for the purpose of conducting 
water into the interior of the body. 

Mollusca, with the exception of a few among 
the higher orders, are but imperfectly furnished 
with organs of locomotion. The greater number, 
indeed, arc formed for an existence as completely 
stationary a.s the Zoophytes attached to a fixed 
base. The Oyster, the Muscle, and the Limpet, 
for example, are usually adherent to rocks at the 
bottom of the sea, and are consequently depend- 
ent for their nourishment on the supplies of food 
casually brought within their reach by the waves 
and currents of tlie ocean. This permanent at- 
tachment to the solid body on which they fix 
their abode, does not, however, take place till 
they have arrived at a certain period of their 
growth : for at the conuneiicement of their sepa- 



MOLLl'SCA. 


215 


rate existence, that is, iiniuetliately after they 
are hatched, they are free to move in the water, 
and to roam in search of a habitation. In this 
respect, therefore, they preserve an aualop:y witli 
the geinmules of sponges, and of ixdypi, which 
exercise locomotive powers only in the early 
stages of their developement.* 

The org{uiization of the MoUusca being unlltted 
for the constrnction of an internal skeleton. Na- 
ture has ordained that the purjM)s('s of mechani- 
cal support and shall bo answered by 

the formation of bard < alcurcous coverings, or 
shells, the result of a j>eculiar proc«‘s8 of animal 
production. Those shells are fonnod oith<‘r of 
one piece, or ol’ several ; the separate pieces, in 
either ease, being terme<l rnhies; so that shells 


Tills iiJialogY s(rell^thehe(l by the circuiiistaiK'c that tlie 
num riieuts of many oftlK’Sc aiiiuuilH, in tht! first periods of their 
existence, are etl’erted by tlic same meciuinism of vibratory cilia 
which we found to be instrumental in the progression of the infu- 
sory animalcules, and of the young of polypi. On observing the 
first evolution of the Ova of the Biicclnam xindatum^ Dr. Grant 
found them to consist of groups of .spherical gelatinous iKalks, 
which soon Itecornc covered on one side witli a transparent envt> 
lojK?, the nidiment of tlic future shell ; wdiile, on the other sidi*, 
the gelatinous matter is extended outwards, so jis to form the 
margin of an internal cavity, of which the entrance is .surrounded 
with vibratory cilia, and in the interior of which a revolution oi' 
particles is seen, indicating a constant current of fluid. The vi- 
brations of these cilia are perceivwi long before the pulsations of 
the heart, and even before any apjictiranee of that organ is visible ; 
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may be either univalve, bivalve, or mnltkalve, 
according as they consist of one, two, or more 
pieces. Univalve shells have generally more or 
less of a spiral form, and are then called turbin- 
ated Hhells. In a few, the cavity of the shell is 
divided by transverse partitions into numerous 
compartments. Some Mollusca have internal 
shells for the defence and support of particular 
organs ; and others have shells which arc partly 
external, and partly internal. As respects their 
shape, colour, and appearance, shells admit of 
infinite diversity ; yet, as will presently be shown, 
all are composed of the same kind of material ; 
and their production and increase are regulated 
by the same uniform laws. 

they are, imloeil, the first indications of life in the embryo. Tlic 
cilia aa> in activity even kfore tlic animal is hatched ; for wlnlc’ 
confined within the egff, it is seen almost continually revolving 
round its centre ; a motion which appears destined to bring a con- 
stant supply and renewal of sea water into the interior of the or- 
ganization, in order to perfect the formation of the shell before the 
animal is, as it were, launched into the ocean. Possibly, also, the 
continued friction of the cilia against the interior of the egg may 
tend to abrade it, and open a passage for the young animal. No 
sooner has the animal effected its escape, than it darts rapidly 
forwards by the motion of its cilia. The same appearances have 
also been observed by Dr. Grant in the young of different Mol- 
lusca, such as the Doris, Both, &c. which have no shell. — Edin. 
Journal of Science, Vol. vii. 
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§ 2. Acephala. 

The Mollusca which inhabit bivalve shells, such 
as the Oyster, tlie Muscle, and fht' Coc/clc, are all 
acephalous. The two valves of the shell are 
united at the back by a hinge joint, often very 
artificially constructed, having teeth that lock 
into each other ; and the mechanism of this arti- 
culation varies much in ditferent species. The 
hinge is secured by asid^stance of great strength. 

It is seen in Fig. lui, 
which shows the valves 
of the IJnio baittra, with 
the connecting liga- 
ment. This ligament is 
composed of two kinds 
of texture : the one, 
w hich is ahvays exter- 
nal, is strictly liga- 
mentous ; that is, j)er- 
fectly inelastic : tin; 
other has more of the 
properties of cmtilage, being highly elastic, and 
formed of parallel series of condensed transverse 
fibres, directe‘d from the hinge of one valve to the 
similar part of the other, an<i having generally 
a deep black colour, and a pearly lustre. The 
cartilage is always situated within the ligament. 
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soHielimes in immediate contact, and forming 
with it one and the same mass : at other times 
placed at a distance, in a triang-ular cavity, 
amongst tiie teeth of the hinge. The closing of 
the valves produces, in all cases, a compression 
of the cartilage, the elasticity of which tends, 
th(jrefore, to separate the valves from each other ; 
that is, to open the shell. 

During the life of tlu; animal, the usual and 
natural state of its shell is that of being kept 
0^)011 for a little distance, so as to allow of the 
ingress and tigress of the water necessary for its 
nourishment and respiration. But as a security 
against danger, it was necessary to furnish tin; 
animal with the means of rapidly eUxsing the 
shell, and retaining the valves in a closed state. 
These actions being only occasional, yet rtHjuir- 
ing consitlerable force, ixre t'flec.ted by a mus- 
cuhu’ [)ower : for which purpose stjinetiraes one, 
sometimes two, or even a greater numlM3r, ol‘ 
strong mustiles are placed between the valves, 
their fibres passing directly across from the inner 
surface of the one to that of the other, and firmly 

attached to both. — 
They are named, from 
their office of bring- 
ing the valves to- 
wairds each other, 
the addnetor nmxcita. 
Fig. 102, which re- 
presents the section of an oyster, shows the sitiui- 
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tiou of the hinge L, the adductor muscle a, aud 
Uie transverse direction of its fibres, with respect 
to the valves. When these muscles arc not in 
action, the elasticity of the cartilage attached to 
the hinge is sufficient to separate the valves ; 
but as they were not intended to open beyond a 
certain extent, it was necessary to provide some 
limitation to the action of the cartilage. The ad- 
ductor muscle might, it is evident, be called into 
play 'to counteract that action ; but this would re- 
quire a constant muscular exertion, and a great 
expenditure, tliercfore, of vital forct^. Nalurt; 
has always shown a solicitude to economize mus- 
cular power, whenever a substitute could be had, 
and such a substitute she has here provided, by 
uniting with the muscle an elastic ligament, of a 
peculiar ooustruction. It has a texture similar 
tliat of the figniiicHlum nuvhce, and being placed 
on the side of the muscle next to the hinges 
allows the valves to separate to the pro[)er dis- 
tance only.* When the animal dies, the mus- 
cular force ceases, but the' ligament, with which 
tlie muscle is associated, retaining its elasticity, 
allows the shell to oj)e'n, but only to a certain 
extent; and accordingly, this is the .state in 
which we find bivalve shells that are cast upon 
the shore, after the soft flesh of the animal has 

* This remarkable structure was first described by Dr. Leach, 
in a paper read bt.*forc the Iloyal Academy of Paris. Bulletin 
des Sciences, ISIS, p. 1-1. See alsoGruy, in Zoological Journal, 
1.219. 
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decayed and been washed out, provided the car- 
tilage and the ligament of the hinge are still 
preserved.* 

The simple actions of opening and closing 
the valves are capable of being converted into 
a means of retreating from 
danger, or ,of removing to 4 
more commodioas situation, in 
the case of those bivalves which 
are not actually attached to 
rocks or other fixed bodies. 
Diquemare long ago observed 
that even the oyster has some 
power of locomotion, by sud- 
denly closing its shell, mid thereby exixjlling the* 

* The Pholas is an cxcojition to this rule ; for instead of its 
valves being united, as usual, by an elastic ligament, they are 
connected chiefly by means of muscles* This departure from 
the ordinary striu^ture is probably occasioned by a new condition 
introduced into the economy of the animal in consequence of its 
being fitted for excavating peissagcs through hard rocks. It is 
furnished, for this pui*pose, with a complicated boring apparatus 
movetl by many muscles, and requiring great frt*edom of action. 
Fig. 103 represents the siiell of the Pholas Candida extremely 
expanded, in order to show the hinge, together with the liga- 
ment, l; the long and thin process of sliell, r, to the ends of 
which, on each side, a pair of fan-shaped muscles, more particu- 
larly employed in boring, are attached ; and the two adductor 
muscles, a a, which retain the valves iu contact indej>endently 
of the ligaments. For a full description of this apparatus, I 
must refer to a paper by Mr. Osier, on burrowing and boring 
marine animals, contained in the Phil. Trans, for 18*26, p, 342, 
from which the above figure has been taken. 
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contained water, «nth a degree of force, which 
by tlu! reaction of the fluid in the opposite direc- 
tion, gives a sensible impulse to the heavy mass. 
He notices tlie singular fact that oysters, which 
are attached to rocks occasionally left dry by the 
retreat of the tide, always retain within their 
shells a quantity of water sufficient for respira- 
tion, and that tliey keep the valves closed till the 
return of the tide : whereas those oysters wliich 
are taken from greater depths, where the water 
never leaves them, and are afterwards removed 
to situations where they are exposed to these 
vicissitudes, of which they have had no previous 
experience, improvidcntly open their shells after 
the sea lias left them, and by allowing the water 
to escajic, soon perish.* 

Many bivalve mollusca are provided with an 
instrument shaped like a leg and foot, which 

they enqiloy extensively 
for jirogressive motion. 
Its form in the Cardium, 
or cockle, is seen in Fig, 
104. This organ is 'coin- 
jiosed of a mass of mus- 
cular fibres, interwoven together in a very com- 
plex manner, and which may he conqmred to 
the niuscnlar structure of the Iminau tongue : 
the effect in both is the same, namely, the con- 



' Journal de Physique, xwiii. 244. 
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a power of motion in all possible ways ; 
it may be readily protraded, retracted, or 
inflected at every point. Tlie Solen, or razor- 
shell fish, has a foot of a cylindrical shape, 
tapering at the end, and much more resembling 
in its form a tongue than a foot. In some bivalves 
the dilatation of the foot is effected by a curious 
hydraulic mechanism ; the interior of the organ 
is formed of a spongy texture, capable of re- 
ceiving a considerable <pinnlity of water, which 
the animal has the power of injecting into it, 
and of thus increasing its dimensions. 

The foot of tin; Miiiilnii edit f is, or common 
muscle, can be advanced to the distance of tvio 
inches from the shell, and applied to any fixed 
Ixxly within that range. By attaching the point 
to such bo<ly, and retracting the foot, this animal 
drags its shell towards it ; and by repeating the 
ojxmition successively on other points of the 
fixed object, continue.s slowly to advance. 

This instrument is of great use to such shell- 
fi.sh as conceal themselves in the mud or sand, 
which its structure is the n peculiarly adapted 
for scooping out. The Cnrdhm continually em- 
ploys its foot for this purpose : first elongating it 
and dir€?cting its point downwards, and insinu- 
ating it deep into the sand ; and next, turning 
up the end, and forming it into a hook, by 
which, from the resistance of the sand, it is 
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fixed in its position, and tlien the muscles which 
usuidJy retract it are tlirown into action, and the 
whole shell is alternately raised and depressed, 
moving on tlie foot as on a fulcrum. The eflect 
of these exertions is to drag the shell down- 
wards. When the animal is moderately active 
these movements are repeated two or three 
times in a muiule. The ajiparent progress is 
at first but small; the shell, which was raised on 
its edge at the middle of the stroke, falling back 
on its side at the end of it ; but when the shell is 
burit'd so far as to be sujiportcd on its edge, it 
advances more rapidly, sinking visibly at every 
stroki', till uoUiiug but the extremity of the tube 
call be. jierceivcd aboM' the sand. Mr. Osier, 
who lias given us this aceoimt,'** observes that 
the iu.stiuct, which directs the animal thus to 
procure a shelter, operates at the earliest period 
of its (‘xisteiice. The JMifa Inuiatln, when fully 
grown, will not attempt to burrow'; but on 
placing two young ones, which were scarcely 
more than a line in length, and apjiarently but 
just excluded, on sand, in a glass of sea-watef, 
be found that they buried themselves imme- 
diately. 

By a priK-ess exactly the inverse of this, that 
is, by doubling uji tlic foot, and pushing with 
it downwards against the sand bclow% tiie shell 

* Philos. Trans, for 18‘2G, p, 349. 
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ittiy fboi ^Lgain ■ tu^e to iriije by tlJe #ato«i ttW «<i 
ijjffortBwhicU bef<w:e protrtided UifcsfoQfj 
piiocess of burrowiag the ftoiietsd ig; enatiled! 
quickly to retreat when danger preseeis: (had. 
wJien this is past, it can, with equal ftieilife^f 
eueiige froBi its hiding place* < i,:. s; it; yr.! 

£ The Cardium can also advance at the= bo4to<&^ 
of; the sea along the surface of the %oik ^rth,' i 
piKssiug backwards with its foot, as a bohtmaiai 
iaipeis his boat onwards, by pusliing with hiss 
jiole against the ground, in a contrary directiotu > 
If is likewise by a siinihu' expedient tliat tbo; 
SOleu forces its way through tlie sand, expands * 
ing the end of its foot into the fonn of aiduhci 
The ermrse of these locomotive bivalvwi> niajai 
readily be traced on the sand by the furrows > 
which thej' plough up in their piogrt!SS. 

Tills, US wdl as many other of tlm bivnlvei.‘ 
nieiiusca, are enabled by the great size tuiiLf 
ilexibility of this organ to execute vamnsoithors! 
movements, of whicli, from the habitual H»act3i«;i 
vity of animals of this class we shcnild scaitebl^^n 
Ij^ve; supposed : them capable. Thei TeUiQa<.)i« g 
reiwarkab4e for the quickness and %\gility>;wiiii! « 
w hich’ it can spring to considerable distancoa.byi-.i 
firai folding the loot into a small odsqxi^, 
tlien sntMi^nly extending it; wiule the shell itb 
af the same time closed with a limd map. - > j ; > 

The Piiiits, or Marine Muscle, ^vhen tBhaln#i^ 
tire shores of tempe^unis seas, is fiirniidiCd^'* 
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in addition, with a singular apparatus for 
standing the fury of tlie surge, and securing 
itself from dangerous collisions, w'hich might 
easily destroy the brittle texture of its shell. 
The object of this apparatus is to prepare a 
great number of threads, whic h are fastened at 
vmrious points to tJie adjacent rocks, and then 
tightly drawn by the animal ; just as a ship is 
moored in a convenient station to avoid the buf- 
feting of the storm. The foot of this bivalve is 
cylindrical, and has, connected with its base, a 
round tendon of nearly the same length as itself, 
tlie office of which is to retain all the threads 
in firm adhesion with it, and concentrate their 
l>ower on one point. The tlireads themselves are 
composed of a glutinous matter, pre[)arcd by a 
particular organ. They are not spun by being 
drawn out of the body like the threads of the 
silk-worm, or of the spider, but they are cast in 
a mould, when they harden, and acquire a cer- 
tain consistence before tliey are employed. This 
mould is curiously constructed ; there is a deep 
groove which passes along the foot from tlie 
of the tendon to its other extremity ; and the sides 
of this groove are formed so as to fold and close 
ovCT it, thereby converting it into a canal. The 
glutinous secretion, which is poured into this 
canal, dri^ into a solid thread ; and when it has 
acquired sufficient tenacity, the foot is pror 
tn^ed, and the thi^d it contains is applied to 
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^ to’ which it is to be fixed;;' ’its! extee- 

SQitty i>eiiig caieltiUy attached to the Bolidianiv- 
of that object. The canal of the footiiis 
llten ojpened along its whole length, andit^ 
Efaraad, which adheres by its othat extremity tib 
the large tendon at the base of the foot, isidis- 
engaged from the canal. I^astly, the foot; is i«- 
toaeted; and the same operation is r^teated,. (:.<( 

’ Thread after thread is thus formed, and a|^- 
plied in different directions around the shell. 
Sometimes the attempt fails in consequence of 
some imperfection in the thread ; but the ani- 
mal, as if aware of the importance of ascer- 
taining the strength of each thread, on which its 
safety depends, tries every one of them as «d4n 
as it has been fixed, by sw’inging itself rounds; so 
as to put it folly on the stretch ; an action wthkli 
fwobaWy also assists in elongating the thread. 
'Wb«i once the threads have been fixed, the 
animal does not appear to have the power; ibf 
'butting or lireaking them off. The liquid 
matter out of which they are formed is to etx- 
-ipeedingly glutinouE as to attach itself firpily to 
the smoothest bodies. It is ^cply prpduced, 
for it appears that nb Piimatl^ (/forming 

more than four, or at mbit flto in the 

cmirse bf a day and night, the that 

are formed in haste, when the animal is dis- 
.turfjed in its (^>^tions, are more slender thsn 
those that are eonsUructed at its Idlsme. Bequ- 
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iiMir« to whom lire aie indel»t^ for theses inteh 
ee^iitg obsorvationa, states also that the ma- 
rine muscles possess tte art of forming these 
tfarehds from the earliest periods of their ex- 
istence; for he saw tliem practising it, whcm the 
sheik in which they were inclosed were not 
larger than a millet seed.* In Sicily, and other 
parts of the Mediterranean, these threads have 
been manufactured into gloves, and other Arti- 
cles, which resemble silk. 


3 . (insteropoda. 


The Mollusca whicli inhabit univalve or turbin- 
ated shells, belong to the order of Gasteropoda, 
and have a more highly developed m-ganiaation 
than the Acephala. The part which perfmins 
the office of a foot is a broad expanrion‘‘‘'of 
fleshy substance, occupying nearly tlie whole 
uildrir surface of the animal, and forming a flat 
disk, capable of being applied to .ffie fdane 

along which it moyi||. . 
This is seen in tie 
Pl(mofrbis(V'l^, 105 , 0 ). 
In some species it is 
fashioned into a < pro- 

, Memotres de I’Acad^mie des Science*; 1711, p, Il8 to i'SlS. 
cdticeiVid that these threads are dried muscular i‘ an 
whkSt h*s been adopted Blaariile, 




^ THE EtfSlCI’IONS. 

f<Sat9’ its wiay, Hkd 
ifliarfe, &Ibig thfe surface ori whicll 
Tlie * bands <yf mnscular fibres, whifeh *eswip«*i^ 
tbef * prtkidpiil part of its structttre, ar^ i • 
ftfid ate Ihtertaced together in a tety intrSfehtis 
arterigtement. All the eolumns Of their ‘fibr^ 
ttWnfnate at the snrface of the disk; So’ lhat 
aben the aninial is crawling their subeesslt^ 
actions produce a -visible undulatory motitai of 
that surface. The effect of these acticms iS that 
different parts of the plane on which it liaorefe 
are laid hold of in succession, and each corres- 
ponding portion of the animal is dragged along, 
so that the body advances by a slow and tmi- 
fonn gliding motion. The operation of tl^fe 
mechanism may easily be seen in a snail, by 
making it crawl on a pane of glass, and wiewing 
the nibvCnient of its disk from the other side of 
the’ glass 3 the regular undulations which ad*- 
Tiince in the direction of the motion ^ tho sttail, 
bat with twice the velocity, present a euri^s 
and interesting spectaclO. ' 

^ A mucila^nous secretion generally OiiAdes 
frnm the ktrfacB of the disk, and tends W iti- 
Orfease considerably its power of adhOsi^i^botli 
*rvimn the ’animal is crawling, and alsO'wheii'it 
fixes itself on any surface. In the 
limpet; this adhef^n is greatly fiatvoiiied by the 
conical form of the shell, which, having a cir- 
cular base, enables the mUscics of the disk, by 
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ito create a; yacvum aadar^ic^^tfa it, 
Ib»,««wnian4 the whole Jbydrostetic p^i^^^ 
the; fiiuperiQcumbeat water, as well ef Jiw 
atm'esphero above the water. Besides the mwk 
eidaT; bands contained in the snbstata^e ,of ithe 
‘Other; sets of 61>res are provided; , 
IHtipoee of protruding or oi* retracing the whtdf 
meinber, and of moving it in different directitp#. 

The foot of the Jiuccinum uudatum, or Whdk, 
is eapaUe of great dilatation by meim# of four 
tubes, which open from the surface near the 
gullet, and convey into it a large quantity pf 
water. It may, by tliis means, be distended to 
a size even greater than the shdd itself ; so that 
the opening which it forms in the sand is large 
enough- to receive the shell, when the latter is 
drawn down by the contraction of tlie muscles 
which are attached to the foot.* The loot, of 
the ‘iScyllisa is grooved, for the purpose of 
enaMing the animal to lay hold of the stegis 
and: branches of marine plants, and advaa^ 
along them by a gliding motion. 

[The head is generally furni^bed with tulMi||pir 
-tentacula, which die animal protrudes for the 
,pui|H^ of feeling its way as it advances, and 
iWbiebare quichly retracted, by the reversion jpf 
itheAttd>ei when they are touched or irritated. 
This ‘nteobanism is matter of familiar ohaor^U* 

^ ^ " ' ' ''' : ‘t " 

4 - ? ^ r* 0^k^, PMK Truw. for I826i. < i, .. 
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ttekif 'tfl thie teittft^Ia, or bortii, tbe onHlb And of » 

theilbg^wMch are te^ mdlai^ bcloiigiwg 
tb thk order. The former of these has a turhifa- 
aited’^hdl df the ordinary structiwen; die 
tl^gh estremely similar in its inteimal BinmH 
tide to the snail, is destitute of any extenuti' 
shidi ; hut is fbraished, instead of iti with aottmti' 
interna! plate of cartilage, giving sni^xirt tp 
s^e d* the vital organs. ; : < 


^ 4. Structure and Fortaation of the. Shells vf . 

Mollusca, i , 

Th^ structure and fcamation of the shells of mol's 
ItiScOus animals is a subject of much interest in 
cOthparative physiology, as presenting imtny 
beautifol illustrations the laws by which the 
kibrganic parts of the living system are increased 
in their dimensions. 

AH shells are composed of two portions, due 
one eontdsdng of particles of carbonate of Htee, 
dm other having the character of an animal suh^ 
idance, and correspmiding in its chmnical' pRH 
perdes either to albumen or to gdatine* The 
mode in which these two oonstitumt parts are 
united, as wbU as the nature of the animal pear* 
don, differ much in different kinds of shell ; and 
it is chiefly in reference to th^ circumstances 



tlMil^«b6llaf liRve he^n 4ivMie4 M« (tF*^ 
luuneelyv the M«iii&rRiioii« aod pon^Uan^eoiM 

ilui t ahelk ; beloaging to tho ^4rst^ oC 
daaaea, the ca^boBate of lime is, ;tt 

raemtn'aaioufl substance dje{>osite4 in layoff, 
may; be aepturated from one another, ,^bi^ Jify 
Uifeohaiuaal division with a sharp ioatramentfi^ 
by the slow actions of air, water, or,pthi^^4^^ 
composing chemical agents. The sheUs<of,th^ 
limpet, of the oyster, and of almost all tlie larger 
bivalve mollusca which reside in the ocean are 
of this kinti. They arc usually covered with a 
thihk outer skin, or epidermis; and their -texture 
is of a coarser grain than that of other shells. 

If a shell of this description be immersed in 
an acid capable of dissolving carbonate, of lint^i 
such as the muriatic or nitric acids properly 
dikded, at first a brisk elfervescence is prp- 
doiced, but thb soon slackens, and the carbopaie 
^)ihPfie contained in tlie ^lell is slowly dissolved ; 
the membranous layers being left entire, ,,iyid 
siiffiotentiy coherent to retain the figure of Jthe 
sheih hut, having lost the earthy matepel which 
getve ifimm hardness, they assume th<w tmturul 
fman of soft and flexible plates. 

. dMany mmnbrrnious shells exhibit,, <m seyer^ 
paarts of their internal surface, a glisteiung,i ^ 
my, ! or iridescent appearance.* This 

* Examples of this nacreous siructurtf a* it is 
in* tfe ihells of the Haliolis, or 8«i*«w, tnid t>f sAkiAmodm, Sr 

WlttM 



l« and w^ferity' of airttngfein^ df 
labors of tfee membrane, which, 4ii’COb|imttif<S 
With: the Jmiticles of -earboiiate ’of Htne.^erftOl'iiilW 
the formation of that part of the surface’’ *0f*th6 
Ohell. *rbe surface, which has tha» aUqUlf^ a 
pearly lustre, was formerly believed to' be W’P# 
cUliar Substance, and was dignified widi the 'd;^ 
peilatknt' of tm^her pearl, from the notion tMt 
was entertained of its being the material of Which 
pearls are formed. It is true, indeed, that pearls 
are 'actually comp<»ed of the same materialsi'and 
have the same laminated structure as the meUi*- 
branoits shells ; being formed by very thin Ooh*- 
centric plates of membrane and carbonate ^of 
lime, disposed alternately, and often surrouiid^^ 
a central body, or nucleus: 
but Sir David Brev^ter has 
satistactorily shown that ’thte 
iridescent colours eitihibreed 
by these surfaces are wholly 
the effect of the parallel 
grooves consequent upon- tlm 
regularity of arrangemerit* in 
the successive deposits of 
shell.* The appearance of these grooves cir'strije 
when highly magnified is shown in Fig. lOff.t 

• Philosophical Transactions for 1814, p. 397. ' • 

■ ’l-'See also a paper on this subject by Herschel in the Edin- 
burgh Philosophical .lottrnal, H. 114, from which the annexed 
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'P^iiiMaacopt |^pBrty,^y ooiaiouiucated 
fQ t 9ea}iiig WBB. guoi ; Arabic, balsaojti of 

|{'o|a,iaP fusible metab by taking anaccarata oast 
(W jiapressHm of the swffece of motheir of pi^l 
wilb any one of tbese sul^tances.* . ,]! 

>; iPoi^ceUaneons shells have a more uniform, and 
compact texture than those of tlm former class* 
The animal matter which unites the carbonate 
ofdiwe is less in quantity and not so evidently 
disposed in layers ; but it is more equally blended 
wilb the eartliy particles, with respect to wbkh 
•it w appears to perform tire odice of a cement, 
brnding them strongly together, although it him 
of itself but little cohesive streugtli. The Cyprma 
«and ! tlie Volute are examples of porcellaneous 
•shells^ 

.kin shells of this kind the carbonate of lime 
assumes more or less of a crystalline arraage- 
mcnt; the minute crystals being s<mil0tiloe8: in 
itba form of rhombs, aud sometimes |il fjiaif of 
prisms. In the former case they are comfWfliid 
i of three distinct layers, as may be seai by 
making sections of any of the spiral univalve 
.slmlls, or simply by breaking them in various 


j itiWibcB tbeae shells decay and fall to pieces, they sepsiate 
.^umeioys thin scales of a pearly lustre. The fine scaio^ .tfajus 
obtained from the Placuna, or window oyster, arc em{doyed by 
the Chinese in their water-colour drawings to produce the effect 
ofi^ver. Some of this powder has been brought to England 
and used for tljis purpose. See Gray, Phil. Trans, for 1833. 
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c€i«ftpQsed<ofty^,tJ^ 
plateE, Bi^rked by obU^ueltkiee^' 
wbieh show the du^ctieiiiof:^; 
crystalline fibrea.1 (lb*fl** 
tion ol the layers and 4bre&M 
also rendered manifest by th^ 
planes of cleavage, whm tlufey 
are broken into fragments. Thd! 
plates of Uie outer andiinnee* 
layers are always directed fsoini 
the apex of tlie cone to its base, so as to follow 
the direction of the spire : while, on the cootrary^ 
tlmse of the intermediate plate form concentric 
rings round the cone parallel to its base. TMis 
the fibres of each layer are at right an^es to 
those of die layer which is contiguous to it ; an 
arrangement admirably calculated for giving 
strength to the shell, by opposing a considerabie 
ddiesive resistance to all forces tending to brmk 
it* in whatever direction they may be apjdied.’^ 
We here find that a principle, which has only 
late y^ra been recognised and apfdied to the 


• These liaes are shown in the diagram, Fig. 107, wh^ re^ 
presents a longitudinal section of a shell of this kind. A is the 
ottier layer, of which the fibres pass obliquely down^^rds. B is 
the iniddte layer, havmg fibres placed at tight angles with the 
former. C is the third, or inner layer, the fibres of which have 
a direction similar to the outer layer. Within this layer there b 
frequently found a deposit of a hard, transparent, and apparently 
homogeneous calcareous material, D« Of this latter suhetance I 

shall aifterwards have occaskm to speak* 
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baiMii^g • of ghipe,; ftasaeiy, iJNi&t of Ihe diaf^al 
atrstB^m^t of tlie fratoe-work, and the oblique 
poiitkKt of the timbeirs, i« identical ^th that 
whiob, feom the beginning of creation, has been 
aoted open by nature in the constmction of 
sheila 

Wh«i 'tihe form of the crystals is prismatic, 
the ‘fibres are short, their direction is perpen- 
dieular to the airface, and the prisnw are gene- 
rally hexagonal. This structure is observable 
in the Teredo gigantea from Sumatra,* and also 
in many bivalves, such as those belonging to the 
gemera Aviada and Pinna. 

fWhen pcKTcellaneous shells are subjected to 
the solvent action of acids, the animal matter in 
their composition offering but little resistance, 
there is a considerable and long continued effer- 
veacmice. The solution of the caibonato of lime 
proceeds rapidly, in consequence of the speedy 
disintegration of the animal substance, which is 
boohen up, and partly dissolved. The remainder 
is recced to minute fragments, which subside 
in the form of flakes or scales to the bottom of 
the fluid. Poll has given a minute and elaborate 
^l^riptbn of the appearances of these fragments 
olonmnbrane, when seen nnder the microscope. f 

* H this shell the cf jstalline apjxjarance ia so perfect, that 
wbm mme fragments were sent to England, tliey were mii^ea 
ibr production. Home ; Lectures, I. 53. 

t See his folio work on the T^tacea of the Two SiciUei» 
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idiffenaace. rbetw^eai tjie l«xtiu\e» m 4 \ 
two kinds of shell is further illusta^ated»,l^ »lh^ 
iB^reMion made upon them by. fire, |?0r#sel- 
laheous shells, when exposed to a ;red heuti^ gite 
out neither smell nor smoke : they lose indeed 
their eolour, but retain their figure UnalteEed» 
Membranous shells, on the contrary, emit -a 
strong fetid odour, and become black ; . afier 
wMch the plates separate, and the structucefiids 
topiec^. w / 

This variety in the composition and structure 
of diiferent kinds of shell is accompanied by 
corresponding modifications of their mechanical 
properties. The toughness of the fibrous basif 
of membranous shells imjmrts to tliem greater 
strength than is possessed by tlic porcdlaneond 
shells; which, in consequence of the tenuityaud 
nnifocm intermixture of the animal cement With 
the calcareous particles, present a hardm* and 
more transparent, but at the siime tinne 
biittle compound. It is these qualities; . together 
with their smooth enamelled surfmse, ofteai beau^ 
tidily variegated with brilliant colours, and pror 
senting altogether a cltee resemblance. to. pOltW)* 
hdn, that liave procured dbem the name they bdar. 
^ W^vcn the transparency and brittleness /^ithfiaB 
t^ells are very great, they have been txmsiderod 
as forming another class, and they have been 
termed Fitreoas shelh^ from their making a nearer 
approach to glass. Some shells present interme- 



tfextnwi^ ijeJtw^n the toembranotlsi and «lie 
pt^C«llaii»e^S.'' '■■ . ..;■ 

* AH lliose #<irfaces of tlie shell on its outer side 

trbich! af€ not in contact with any part of the 
aniikal, are originally covered Srith aa e^ideih 
ihiss:* which, hoower, is frofjuently rubbed off 
by#iiction;' ■ --ji/. 

The process employe<l by nature few tlie for*- 
misrion and enlargement of the shells of the 
mollusca was very imperfectly understood prior 
to fhe investigations of Reaumur, who may be 
c<msldered as having laid the first solid fbunda^ 
tions’of the theory of this branch of comparative 
physiology.f His experimental in(puries have 
folly established the two following general facts : 
firsts that the? growth of a shell is simjdy the 
iuMklt of successive additions made to its tairfaoe ? 
mtd' secondly, that the matertals cmistituting 
each layer, so added, are furnished by the oc-» 
ganiEed fleshy substance, which be termed tlie 
skhl of the animal, but which is now hnown. by 
the dame of the %mntle, and not by any vessels 
or Other kind of organization banging to the 
sheU itself. 

<1# a portion of the e^ell of a living snail, Jlbf 
itti^ee, be removed, which can be d<me without 
bijuiy tofhe animal, since it adheres to the 

* This tnerabrane has been termed the Perio$tmcui^. 
^I'^rrioires de TAcademie dcs Sciemies, p! 
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fialy:iQ oliE tkere is foroieds, in< the; cenitaie 
<jf twenty-four hours, a fine pellicle, resetnbto^ia 
folder’s web, which is extended a©Poi® the waDm^ 
4pace,’ and constitutes the iir®t stratum ’cd the 
new shell. This web, in a few days, is found Ito 
have increased in thickness, by the aiiditionttif 
other layers to its inner surface ; and this farocess 
goes on until, in about ten or twelve days,; the 
new piwtion of shell has acquired nearly the sdime 
thickness as that which it has replaced. Its 
situation, hou'ever, is not exactly the same, for it 
is beneath tlie level of the adjacent parts of the 
shell. The fmctured edges of the latter remain 
unalten^l, and have evidently no share iu the 
formation of the new sliell, of which the materiafe 
have been supplied exclusively by the mantle. 
This Reaumur proved by introducing ihrougii 
the aperture a piece of leather underneath t^ 
broken edges, all round their circumference, so 
as to lie between the old shell and the msmtle : 
tlie result was that no shell was fonned on the 
outside of the leather ; while, on the other htmd, 
its innar side was lined with shell. . , , . 

The calcareous matter which exudes fronl'lhe 
mantle in this process is atferst fluid and ^ti- 
mms ^ but it soon hardms, and consolidates iuito 
the idense substance of the shell. The pairticles 
of carbcmate of lime are either ag^otinated 
together by a liquid animal cemeut, wiudi unfoes 
foem into a dense ami hard substance, fesem- 
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poh^elaiik ;< or they aro depoi^tod inched 
ol oB^mbroiious texture, having already the pro- 
perties of a solid and elastic plate. This explains 
the haninated staicture possessed by many shells 
of ithis class, such as that of the oyster, of which 
the layers are easily sepamble, being merely 
f^glntinated together like the component leaves 
of a sheet of pasteboard. 

It has long been the prevailing opinion anumg 
naturalists that no portion of a shell which has 
been once deposited, and has become consoli- 
dated, is capable of afterwards undergoing any 
sdteration by the powers of the animal that 
formed it. Very conclusive evidence hi^, in my 
opinion, been adduced against the trutli of this 
theory, by Mr. (iray, in a paper lately read to 
the Royal Society. From a variety of facts, (it 
appears certain that on some occasions the mol- 
luscous animal effects the removjil of large por- 
tioirs of its shell, when they interfere with its 
own growth, or are otherwise productive of ih- 
txmVenience. We should at the same time re- 
gard these cases in the light of exceptions to the 
ordinary rale that a portion of idiell once foamied 
remains ever s^r unchanged, while it conttmies 
to be connected with the animal which produced 
iti. In a general way, indeed, we may consider 
thi connexion betoeen the animal and the shell 
m medhanicsd, rather than vital ; and the shell 
itself as an extraneous inorganic l)ody, forming 
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iM> part of ttie fiving system : ' for yii^tevejr ^are 
of vitattty it may have possewd ait the moment 
of its deposition, all trace of t^at pfppeity Is 
soon lost. Accordingly we find that the notes 
made in ^ells by parasitic wornds are nevey 
filled up, nor the apertures of the caviti^ so 
made covered over, unless the living fl^h oif thp 
animal be wounded ; in which case an exuda- 
tion of calcareous matter takes place, and p 
pearly deposit is produced. The worn edg^ of 
slielLs, and the fractures, and other accidents 
which befall them, are never repaired, except as 
far as such repairs can be made by the additioti ; 
of materials from the secreting surfaces of the 
mantle. It is found that shells may be impre^g- 
naied with jmisonous metallic salts, such as tho^ 
of copper, without any detriment to the aiiimals 
they enclose. 

The power of secreting the materials of shell 
does not usually extend to the whole of the sur- 
face of the mantle, but is generally confined to 
the parts near the margin, composing what is 
termed t/ie collar. The calcareous substance is 
always poured mit underneath the epideiamsi* 
that i8(, between this outermost layer cf 

* Mr. conud^ the external tnembraae the sheli, Ki 
epidermn, at formed by the outer edge of the plates of antllal 
iidMtanre, wMdi have scarcely any calcareous matter in their 
coinposition, and which are soldered together into a membiatoous :.) 
coat. , . v 



■Mmm.VMm''., m- 

^ratw Jlhe maiitle, and may b§ raga|rde<|[ 
as |o|;nung one and fhe sape organ .* . 

^ita^ ofitbe shell depends altogethp on 
tSie extent and particular fonn and position pf 
tlie ^^e^ng oa-gan. The animal > on its eXicin', 
sicp |rom the egg, has already a small portion of 
shall formed. The sirapU'St case is that in 
which this rudiment of shell is a concave disk., 
’^e may conceive the animal, covered by its 
mpid®* to expand the border of this organ, pid 
extend it beyond the edge of the shell, where h 
then forms. a new layer of shell: and this new 
lavjer, being applied to the inner or concave sur- 
face of the original shell, will, of course, extemi 
a little way beyond its circumference. The 
sapc. hap|)ens with the succeeding layers, each 
of which being larger than the one which has 
it, projects in a circle beyond it ; apd 
the who^, series of these conical layers, of in-., 
cr^a^ing, diameters, forms a compound cone, of 
which the outer surface exhibits transverse lines! 
snowing the successive additions made to the 

power it also, in some iiMtaneei poisettod 
tbp gfi«t«rQp«4a, where, 

forms an operculum, or calcareous covering to the mouth of the 
shell. Mr. Gray also ascertained that in the Cymbia^ the Oliv^, 
and ibo' shell is deposited! and most probab^ 

ciMII%y the upper surface of the foot, which is very aisid 
nat 4^ the itmtle, which is small, and does not lealend bt^osid 
tbe^e^ of the month. 

VOL. I. 
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shell in the progress of its increase. The JRa- 
tfUa, m limpet, is an example of this form <rf 
structure- 

But in by far the greater number of moUusca 
which inhabit univalve shells, the focmatipn and 
dq)Osition of the earthy material does not pro- 
ceed equally on all sides, as happens in the pa- 
tella. If the increase take place in front only, 
that is, in the fore part of the mantle, the con- 
tinual deflexMU thence arising necessarily gives 
the shell a spiral form, tlie coils being simply 
in one plane. This is the case in the Planorbis^ 
(Fig. 105) the Spii-ula and the Nautilus. Most 
commonly, however, as in the Buccinum, md 
Acluttina, (Fig. 108) the deposit of shell takes 
place laterally, and more on one side than on the 
other ; hence the coils produced descend as they 
advance, giving rise to a curve, which is continu- 
ally changing its plane, being converted from a 



iqpiral to a helix, a term of Geometry bmrowed 
from the Latin name of the common snad, wUch, 
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as is well known, has a shell of this fonn. Pig. 
108, whith represents the shell of the Aehalina 
zebruy and of which Fig. 109 shows a iongitudi- 
nal section, may serve as an example of a shell 
of this kind. The axis of revolution is termed 
the Columella, and the turns of the spiral are de- 
nominated whorls. In consequence of the situa- 
tion of the hcjul and great blood-vessels rela- 
tively to the shell, the left side of the mantle is 
more active than the right side, so that the lateral 
turns are made in the contrary direction, that is, 
towards tlie riglit.* Tiiere are a few species, 
however, where, in consequence of the heart 
being placed ou the right side, the turns of the 
spiral are made to the left. Biicli shells have 
been termed sinistral, or reversed shells ; but tliis 
left-handed convolution seldom oc-.curs among the 
shells of land or fresh-water molliisca. 

It results from this mode of formation that the 
apex both of the simple and of the spiral cone is 
the part which was formed the earliest, and winch 
protected the yoang animal at the moment of its 
exclusion fcmn the egg. This portiosti may gene- 
rally be distinguished by its colour and appear- 
ance from that whmh is afterward fiirmed. The 
succeeding tm^ inade by the |h(^ in the pro- 
gress of its growth, enlarging in dihmeter as they 

. . * ^rms rig;ht and kft bayereferencc to the positjoa of the 
animai when resting on its foot ; the head being of coui^e m frotsii; 
S^'drt^.'Zbol. Joarnabim ' * ku 



244 THE MECflANlGlkli EWll©flONS. 

4eseei^ fo^ by *Jegrae6iBt»n^€flr 

bage;' » ^Dtiritig the growth of the 
body extend® towards the mouth of thO sbelUri^ 
posterior end o^tea quits the first turn of thqepre, 
and oocufnes a situation diffeient £roiii that which 
it had originally. In tiiese cases the cayity at 
the apex of the spire is filled up with solid cal> 
careous matter of a hardness not inferior to that 
of marble. t 

Such is the general form of turbinated shells. 
It sometimes happens, however, as in the Cmus, 
that the upper surface of the spiral scarcely de- 
scends below tlie level of tlie original portion of 
the shell, which in the finmer dispositioa of, its 
parts would have been the apex: while?, the 
lower portions of the spiral turns shoot. down- 
wards so as to form a pointed process v thuR the 
whole is still a cone, but reversed from the 
former, the part last formed being, the enter 
surface of the cone and the circumference of 
the apparent base, or flat surface, of whiph, the 
Central part is the one first formed. , . . ,j, 

Varioas causes may occur to di^urb;the,|;^ijpt- 
larity of the process of depositiout by whjoh.the 
slidl] is enlaiged in its dimensions i?atHQnOv ritpe 
aeceleratinig, and at another retfuduig) ort4ntf4^ 
arresting its growth. These irregularitl 
productive Of corresponding inequaliries 
auifaOS ef 'the ^ehdl, such as. 
striae. 'Whenever an exubei^ce Of inatnrif^s 
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hat led to a saddibn espamuon growtli, wbtdk 
has soon subsided, a projecting ridge is 

plodueed in the (^rectum of the miurgin of the 
oiantle at the time tliis happens. This change 
geuerailjr recurs at regular periods, so that th^ 
ridges, or ribs, as they are often called, succeed 
one another at equal distances along the course 
of the spiral turns. 

It not unfrequcntly happens, that at diffieimt 
periods, a sudden developement takes place in 
particular parts of the mantle, which become in 
consequence rapidly enlarged, shooting out into 
long slender processes. Every part of the smr- 
face of these processes Inis ti»e j>ower of secreting 
and forming shell, so that the portion of sliell 
thej’ construct, being consolidated around each 
firstly process, must necessarily have at firet the 
shape of a tube closed at the extremity. As 
fresh deposits are made by the secreting sur- 
fade, which are in the interior of the tube, the 
internal space is gradually filleil up by these 
deposits ; the proems of the mantle retiring to 
nisdtd 'wny for their advance towards the axis of 
the tube. In the course of time, every part Of 
thU davity is obliterated, the process of the idiell 
btedUtnittg entirely solid. Such is the origin , of 
the many curious projecting cones or spines 
irhfch several shells exhibit, and which have 
arfeOU ' periodically during thmr growth , from 
surface. In the Murest these pro- 
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ceM^ are ^okm exceedingly nametous,* raid dc%ur 
id r^nlar intervals, frequently shooting out iade 
ran&m anomabus fennSi < la naany 
the genus ' these s^unmiure of ^eat 

length, and! are arranged round the circumfe- 
renoe of tlio base, being at first tubular, and 
afrenuauds solid, accortling to the period of 
growth. This is exemplified in the Pter^cera 
«5or_p«io *(Iiamarck) of which Fig. 110 shows the 
early, and Fig. Ill the later period of growth. 



A limit has been assigned by nature to the 
growth of mdluscous animals, and to the shells 
which they form : and tliere is a certain epoch 
of their existence, when considerable changes 
take place in the disposition of the mantle 
and in its powers of secretion. Often we. find 
it suddenly expanding into a broad surface, 
adding to the shell what may be termed a large 
Up. Sometimes no sooner has this been accom- 
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thao the same part again aimuka, «ad 
^ maatk retires a little way within the shell, 
s^ continuing to deposit calcareous layers, 
which give gr^er thickness to the tu^acent 
part of the shell : and at the same time narrow 
its aperture, and materially alter its general 
shape and aspect. Thus it happens that the 
shells of the young and of the old individuals of 
the same species are very different, and would 
not be rect^nised as belonging to the same tribe 
of moUusca. This is remarkably the case with 
the shell of the Cypraa, or Cowrie, w hich in the 
early stage of its growth, (Fig. 112) has the 
ordinary form of an oblong turbinated shell : 
but hrcni the process just descril>ed taking place 
at a certain period, the mouth of the shell (as 
shown in Fig. 1 13), becomes exceedingly nar- 
row^ and die edges of the apertuife are marked 
by indentations, moulded on corresponding pro- 
cesses of the mantle.* But in this instance the 
change does ncH stop here ; for both edges Of the 
mantle next take a wider expansion, turning 
over the outer surface of the shell, and passing 
on tilt they meet sU; the upper convex i»rt, <» 
back of the shell, forming what has been termed 
tlm dor-sol line. They deposit, as they proceed, 

• Similar changes occur in the shells of die Ovula (spindles), 
Eraio (tear-shells), and Margindla, (dates). Gray, Phil. 
Transi fw 1833. 
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litid' Mghly polished porieilaneoiSB diellr^ 
beatitilhUy 'vaii^ . with colouredi spots,) which 
coPrta^nd ■ esaeti with the colomredj' 
iha maiitle that deposks thetn: '^ilusinew {dat|e 



of shell eompletely 'topelopea 
tlie original shell, giria^. it la 
new coTering, and di^piiaing 
its former character. A trahe* 
verse section (Fig. 114)* at 
once shows the real steps l>y 
which these changes have 
taken place.* 


Changes equally remarkable are observed to 


occur) in the interior of the shell at dkferent 


stages of its growth. On the inner snrfice «of 
the Mitr^, the Vofvte, and other shells of a shnilar 


kind, tliere is deposited a layer of a hard sewii- 
transparent calcareous material, having a vi^ieous 
appearance.^ The thickness of the layer,'Which 
thus lines the cavity of the shell, is greater as it 
approaches the apex ; and where the spire is 


"* Ad<j6rdfh'g to ^nigniertf, there is reason to beiieio '^t the 
of Uie hatrin^ completed shell, ,4ti the 

mpmner ,abo^ , deficribed, ftill cq^Itin^^ng to aii^. bciag 

incoinmpded for , want of space, quits its shell altogetlier, and 
sets fdrhimg a «eW one, better suit^ to tts' 

d^cnsiioilst It is stated alio that the same iadkidiial is evea 
capable in succession several sbeUiL Blainvil^ 

however, considers it impossible that the living animal can ever 
quit iu shell. Mala^Ibgie, p. 94. 
t This is the substance represented at d, Fig. 107 , p. 
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niiiok dioBgated^ or iurrit^, as H ie called,*^ #iis 
dep6ntkm< entirely iiUa the upper part» whieh, in 
tl»!^ lear^yioetatdition of the shelU was. a hoUow 
/with tMn sides.^ The purpose answered 
hyf tlusi deposit is evidently to give solidity and 
strength' to a part which, by remaining in its 
original state, would have been extremely liable 
to bo broken off by the action of the sea. 

In other cases a different expedient is adopted. 
The anintal, instead of fortifying the interior of 
the apex by a lining of hard shell, suddenly 
withdraws its body from that part, and builds a 
new wall or partition across the cavity, so as to 
pirotect the surface Unis withdrawn. That por- 
tion, of the diu^ll, which is tlius abandoned, being 
very thin and brittle, and having no support iu- 
tenaally, soon breaks off, leaving what is termed 
a decollated shell ; examples of this occur in tlie 
Cerithium decoUcUum, the Uulimus decMitus, 
&c. The young of the genus Maffilus has a 
very thin shell of a crystalline texture; but 
when it has attained its full size, and has formed 
fm* itself a lodgment in a coral, it tills' up the 
cavity of the shell w'ith a glassy deposit, leaving 
only a small conical space for its body ; and it 
continues to accumulate layers of this material, 
so as to maintain its body at a level with the top 
of the coral to which it is attached, until the 

• As in the genera Turritella, Terebra, (krithium, aad Ftu- 
cioUtria, 
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* , 

shdl is quite buried in this rritoons snb* 
loanee. , , ■ . — 

The £>nnB of the Com and Olive shelis are Hdh 
as to allow but a small space for theconrolutious 
of the body of the animal, which accordingly 
becomes, in the progress of its enlargement, ex> 
cessively cramped. In order to obtain more 
space, and at the same time lighten the shell, 
the whole of the two exterior layers of the inner 
whte'ls of the shell are removed, leaving only 
the interior layer, which is consequently very 
thin when compared with tlie other whorl, that 
envelopes the whole, and which, retaining its 
original thickness, is of sufficient strength to 
give full protection to the animal. That this 
change has actually been efiected is very dis- 
tinctly seen in the Conus (Fig. 1 15) by exmnining 
a vertical section of that shell, as is repre- 
s^ted in Fig. 116. All the inner partitions of 



the cavity thus laid open are found to be 


' SOBMATION OF mWluLS> 1261 

* 

treiit^ and transpaxent, and to consif!^ 
only of the innermost lamina of the original 
; as viU appear cm tracing them up to that 
outer portt(»i of the sectimr a which lies on 
each side of the proper apex of the shell, and 
which forms the apparent base. The lin«i on 
this part of the section indicate tlie thickness 
which each successive whorl had originally, and 
when it was itself the outermost whorl. The 
section also shows the vitreous deposit which 
lin^ the upper parts of the cavity, and which 
completely fills up the smaller turns of the spire, 
near the apex.* 

There are, indeed, instances among shells of 
the total removal of the interior whorls. This is 
found to occur in that ttf the genus Auricula, 
which are molluscous animals, respiring by means 
of pulmonary organs. In the young shell of this 
tribe, the partitions wliich separate the cavities 
of the whorls are incomplett;, and twine parallel 
to each other ; but tliey wholly disappear as the 
animal approaches to matnrity. In other cases, 
the animal is found to remove exterior portions 
of shell formerly deposited, when they he in 
tlie tray of its fartlier growtli, and when the mouth 
of the spire is advancing over the irregular sur- 

* Fig. 117, which is a transverse section of the same shelly 
shows the spiral convolutions, and the comparative thinness of 
the inner portions. It also forms a striking contrast with a si- 
milar section of the Cypreea, Fig. 114. 
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* 

m^* o( the ‘ ^r^ctediiig ' ^Ehos" ^ ofttea 

fiiWfthi,t tiie Hhfe, 6t %Hich *hhd 

^ti' d#poilite^ On the sfOrfaee Hi ^ hhdll’'^ 
the' ' TritoH, Mttrex ^ ’ &c. are fekhbVed ‘ ti/ niake 
it^y fbr 'the iincceeding tum of the 8ffii4; ’fh 
Otherca«es, however, no such power of de^troyitt^ 
pt«fio#8 of shell previously deposited 4^eih^’ tb 
exist; Ond each successive whori is ntJoldfed 
ttpOii the One which it covers. # s i / ^ 

It may also be observed, that some nihlhisea 
have the means of excavating the shells of othet 
animals on which they may chooSe to fix,' ‘for 
the purpose of forming a convenient lodgement 
for themselves. The Pileopsis (or fool's eap5‘Iieis 
this feculty in a remarkable degree; and it 
also met with occasionally in Siphoharite ahd 
Patella. The common Patella, or limpet of ottr 
own 'coasts, often, indeed, forms for itself, hy 
some unknown process, a deep cavity oiit of a 
calcareous irock. ; 

When the animal which inhabits a spinS^fhell 
retires within it, the only part of its body tl^t is 
exposed to injury is that Which is situittedi Jll the 
mouth of the shell. With a view to its prptec- 
tidti, it conStTaCts, in many instances, & k^ |ft rate 
platfe of shell, adapted to the aperture, and 3eno* 
tninated an OperCMfom. This piece is constructed 
by a process similar to that by which the '^t dif 
the shell is formed; that is, by the deposition of 
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na tlie intearn^ gur%e, some*- 
4 ^ w aoDjiilar. and ; sometimes . in e , 

'oii^ , t ir mi operculum were to be , constructed 
considerable size, and wei« connected , to 
J»e shell itsdf by a regular hinge, it swoqld be 
mtitled to be considered as a distinct valve. 
Here, tharefore, we perceive, as was remaiyked 
jy Aciansoa, a connecting link between the 
mivalve and the bivalve testacea. A Ciamium 
's another kind of covering, serving also for pro- 
ection, and consisting of a thin spiral plate of 
dmll, attached to the columella by an elastic 
spring, hy which the plate is retracted when the 
mimal retires into its shell. It thus corresponds 
^actly in its office to a door, opening and closing 
be entrance as occasion requires. An 
ikragim is a partition of a membranous or cal- 
careous nature, constructed merely for temporary 
jsg. It is employed for closing the aperture of 
the shell during certain periods 
only, such as the winter aeqson, 
or a long continued drought. 
Fig. 118 exhibits the Unes winch 
appear on the inner side of the 
epiphragma, of the Helix potnal^ 
or garden snaili and which in- 
dicate Uie succession of deposits 
Jby^whick if hM been formed. . . , i 

remarkable in how short a tiln|« t^iis 
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of H«lix will constract iMs coverings 
when eircumstances occur to nige its completion. 
On tte approach of winter, the animal prepaies 
itself for passing that season in a state of tor- 
pidity, first, by choosing a safe retreat; and 
next by retiring completely within its shell, and 
th^ barricading its entrance by constructing 
the epiphragma just described, and of which the 
outer surface is represented in Fig. 119. Having 
formed tlus first barrier, the animal afterwards 
constructs a second, of a membranous nature, 
situated more internally than the first, and at a 
little distance from it. If at any other season, 
while the snail is in full vigour, the experiment 
be made of surrounding it with a freezing mix- 
ture, it will immediately set about constructing 
a covering for its protection against the cold ; 
and it works with such diligence, that in the 
* course of an hour or two, it will have completed 
ha task, and formed an entire epiphragma.* 
When the genial warmth of returning spring has 
penetrated into the abode of the snail, the aniihal 
pr^ares for emerging from its prison, by sie- 
creting a small quantity of a mucous fluid, which 
loosens the adhesi<m that had taken place be- 
tween the epiphragma and the sides Of the aper- 
ture ; and the former is, by the pressure of the 
foot of the snail, thrown off. The whole this 

• Gray, Zoological Journal, i, 214, 
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process of ccmstnictktn bas to be renoveijf, on every 
occasion wb^ another covering is required.* 

One great use of these coverings is to prevent 
evap^^ration from the surface of the body of the 
anirnal. It is thus that Snails, Buliini, &c. may 
be presented for months, and even years in a 
torpid, but living state, ready to be restored to 
the active functioiM of life, when sufficient water 
is suj^lied.f 

The enlargement of bivalve shells is conducted 
on the same principles as tliat of univalves ; the 
augmentation of bulk taking place principally at 
the outer margin of each valve, and coirespond- 
ing with the growth of tlie included animal. 
The order of succession in which the layers are 
deposited is clearly indicated by the lines on the 
surface, which frequently appear of different 
hues from the addition of colouring particles se- 
creted at particular periods by tJie mantle. 

The shells of Oysters and otlier acephalous 
mollusca which adhere to rocks, are often 
moulded, during their growth, to the surfaces to 
which they are applied. The mantle, being ex- 


• An €piphmgma diffeni from true uhelli in having no adbn^ 
skm m mj paert to the animal wHich formed it. 

t A remarkable tnsUinee of tbit apparent revivitcence of tnaiii, 
frbtck had lain for many years m a dormant state in a cabinet 
of ^llt, and which crawled out on being accidentally itite 
warm water, is recorded in the Philosophical Transactions for 
1774, p. 432. 
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ceMingly flexible, accommodates itself to all the 

4b|itoa^ 

iftyfer' of shrfl equalfy Obi 
of ibe snrfaci^ is a«stiihed, hof 
the thlvfe jn contact with it, bat also by thebtli# 
Tai^,iWhieh! is formed by the opposite stirfk^O 
the matitle,^ and which daring its fbrmatioft Wais 
imh^iately superposed on the thin edge Of the 
other tralve, while it was deflected by tlie irr^^U*- 
Ibr surface on which it grew. As the enlaiigfemOht 
of tlie shell proceeds, it was necessary that the 
muscle, which closes the valves, and is attached 
to their inner surface, should be gradually re- 
moved to a greater distance from the hinge, so 
that it may preserve its relative situation with 
regard to the whole shell, and retain undiimni^ed 
its power of acting upon the valves. For this 
parfioBe its adhesions are gradually transferred,’ 

» by some unknown process, along the surface Of 
th« vidves ; and the progress of the removal nitty ' ' 
gmieraliy be di^inctly traced by the nvarkk- 
whidb are left in the shell at the {daces beibre't 
oeei^iied by' the attachments of the ^ 

flbresj The same process takes {dace' when- 
there aiwitwe or three musdes iimteadx^’enet^ > > ^ 
^A) few geneea o€ Moliuacaj such «s tiie 
hashvfsn^tidditiaB to the two prmeipal'-faiveii|‘‘ 
sQiB^ si^^pfamentBry pieces of abdi The^ 

hs tn:’;!** ’J ■,'■■■■ • ' ■' ■ ilwi'i 

> I -ft fiwfcalml miBite* 4e« ^ScieiwM 'N«tui^iea ii. Id/ '' 



nOhh^SC.A PTEROFOIIA* 4 Ml 

< ‘ : i. ‘ M I’: ' - 'V', ‘ ' \ '1 

l^priaed in t]^ oitl^r of MvU- 
s>l¥p comptdiieiids Citvior’ft onter 
including^tbnsov^otalkindftof 
Lfeim of JLiBUoius), .iArhit}|i afo 
£uri|i§i|i^ with o great munbor of jointed 61 %'' 
i0^>% Qt ciirhi, and fonn an intermcnliate Uok 
of ponnexioD between the Mollusca axid 
mkU^ Bat the limits of this treatise will not 
allow me to dwell «)n the eiidleas divemtiea of 
structune which this subject presents. 


§ 5 . PterojMxia. 

In thoj^Mollusca belonging to the two ordews 
which have now' passtxl under our review, namely, 
the Acephala and Gusternpoda, the mantle, while 
it f<dds over the principal viscera of the lK>dy, 
leaves .apertures for tlm admission of water to the 
gills, iw organs of respiration. But there exhg a 
few genera having the sac fonued by the mantle 
closad oa every side ; a structure wliich tenders 
it necessary to adopt a different arrangement 
w ith regard to the gills, and to place them ex-^ 
tertmllyi aad wo then find them iq>readii^ out 
like pair of wings, on each side of the neeki* 
Siaooi thia i^hmal closing of the ntoalle ’ 
eludes, also, the formation of any organ <rf pro- 
gres^ve motion corresponding to a loot, adiTaii- 
tage is taken of the projection of the gills to em- 

VOL. 1. 
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ploy for the pairpose of efflaJ^mg ^fe 

to swim through the water. . i -«i< 

■ MoUkisca of this description are found <in gcdxt 
abundance in the colder regions of the oo4^ 
surrounding both the iKWrth and 
south poles ; and other species 
are also met with* though in 
smaller numbers, in the iro* 
pical seas. The CUo jtmealis, 
of which Fig. 120 is a repre- 
■i^ senlation, is the most perfect 
spe( iineu of this form of con- 
struction. It swarms in the 
Arctic seas, and constitutes the principal food of 
the whale. The position of its gills, w^h per- 
form the office of oars or feet, at the same time 
Uiatthey resemble in their .shape and actiem the 
wings of an insect, are characters which hawD 
suggested the title of Pteropoda, giwen ' by 
Cuvier to this order of Mollusca. > '•:*:»' 

§0. Cephalopoda. ! *" 

Foliowino the progress of organic devdopei 
ment, we now arrive at a highly interesthlil 
fiimily of Mollusca, denominated i\\&Ckfdial<fpMk^ 
and distinguished above all the preceding 0i4^ 
hy being endowed with a much more elab#bie 
oiganizaliott, and a far wider range of faeidfifeii. 



MOLikVSCA CEPHAliCMPeUA. ' 

libei€eifihidbpod» have bcien so name^ fiMin »tho 
position of certain (wrgftfis of progressive lootiiHi, 
wliich are Stated cm the head, and like the ten* 
taenia of the Polypus, stwround the opening <d’ 
the month. (See Fig. 121). These feet, or arms, 



or teitla^Uif if we choose so to call them, are long, 
aicaider, and flexible processes, exceedingly irri- 
table, arid eoutractile in every part, and provided 
witii numerous muscles, wliich are capable of 
moving and twisting them in all directions witit 
extraordinary quickness and precision. They 
are thus capable of being canployi'd as instru- 
ments, not only of progressive motion, but also 
of prehension. For this latter piir{>ose they are 
in many sjMMaes peculiarly well adapted, because, 
l)eing perfectly flexible as well as highly muscur 
laff, they twine with ease round an object of miy 
shnpe; and grasp it w itli prodigious force. la 
addijtioa to tliese propertw* they derive a i»»> 
mnrkable power , of mlhesion to the wnfaces af 
bq^ifS from their being furnished wi^ name* 
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shown 

}$^,, is usually supported, on a 
pedMe^ and strengthened, at its^circpipfej^e 
hy a, ring of qartilage. Their internal taf^eJlfPr 
iam is more artificial than the shn|de conslttu.,^- 



tion already described (p. 137): for wpen tW 
surface of the disk is fully expanded, as sho^^n 
in Fig. 123* a, Me find that it is fprii^e^ of a 
great number of long slender pieces, reseml^|ng 
teetli , olosely set together, and extending from 
the inner maigin of the cartilaginous ring, ip 
the form of converging radii, to within a shoijt 
distance, of the centre, where they leave a circular 
aperture. In the flattened state of the sucker, 
this aperture is filled by the projecting part of ^ 
softer pubstance, which forms an interior portion, 
capable of being detached from the flat circle of 
teeth, when the sucker is in action, and of 
leaving an intervening cavity. Tite form bf this 
cavity is exhibited in Fig. c, which represepts a 
perpendicular sectiem of the whole organ, and 
v^kete the central portion, or principal mass ©f 
the sucker is drawn away from tlie circulaf dis|lt, 
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^#‘lnneir naargin of which ajf^ars lik^ a «f 

latielh! It la evident tliat by tliis meChahisi^, 
isrlrii^h 'fcoiabines the ^perties of an accurate 
t^Ofre, with an extensive cavity for prodocing 
i^irefaction, or the tendency to a vaciitnn, tlie 
pOaHst of adhesion is considerably augmented;* 
So great is the force with which the tentacula 
of the cuttle-fish adhere to bo<lies by means of 
thU^ aj^aratus, that while their muscular filMtes 
coHlisinc contracted, it is easier to tear away the 
substance of the limb, than to release it from its 
attachments. Even in the dead animal I have 
fijund that the suckers retain considerable power 
of adhesion to any smooth surface to which they 
may be applied. 

Oiir attention must first 1h', directed to the 
remarkable family o( Sepiee, which comprehends 
ihr^ principal genera, namely, the Octopitx, the 
or Calamary, (depicted in 1%. 1'21), 
the common S\pia, or (?uttle-fish. Tht* 
first of th<;sc, the f)ctopus, w hich wns the animal 
deiioiuiiiated Polypus by Aristotle, has eight 
ar^ of etjual length, and contains in its interior 

1 ' * iTiie deseripiion I have here h retuU niy 

erf a Octopus, which 1 had lately an op[>ortU| 
nitj of dissecting : and the mine^ited figures 123 •, a, ft, c, W 
copied i\’om drawirigs f made on that occasion, a' repre»^hti 
iueM^r in its usual form when not in action : 

fully expanded: and c is a section of the 
whje^ had btjeome sopaewhat flattened by the opeiation of dj* 
vfdihg it. ; 



'■^2 

M WaiBientItl 'fehc^fel stfe 

Wseti^e.' ^ ’ Thte'SheB 'feiMJoiiiftB 
distittct in the L6ligt>, M^hiesfQ‘^t> 48 
^’daWlhgiridhs, arid shaped like ^be Wad©' »#<»» 
sri^oMl' (^FigM23). The intemat sfepeil ‘4)l‘' the 
’ yrimmriri Sepia is large and broad, rind* eom- 
'^Srid' wholly of carbonate of lime : it is Well 
kriowii by the name of the euttk-Jisk bon&. 'Its 
sfruidture is extremely curious; and desettes 
^'particiiilal* attention, as establishing the utlitidr- 
sality of the principles which regulate thd 'fottria- 
* tiori (if shells, whether internal or exteWiaf^* and 
ftoni iyhich structures differing much in**dteir 
(ititward rippearance may result. It is cbinpOSM 
of ah immense number of thin calcareouri‘|ihi'te8, 
arimn^'d parallel to one another rind Cofihetiibd 
by "theiusands of minute hollow pillar#' of'tlie 
same calcareous material, passing pfeTperididu- 
larly between the adjacent surfaces. ThfeShfell 
is riot adherent to any internal part oftho dni- 
mal which hris produced it; but is eririldsedriin 
a capsule, and appears like a foreigri *^Aody, 
impacted in the midst of orgaris; with ^whifch 
at first sight, it would appear to have no re- 
lation. It, no doubt, is of use in giving , me- 
chanical support to tlie soft substance of the 
bodjf, and especially to the surrounding n«is- 
Calar flesh; and thus probably contribritiey; to 
the high en^y which the animal displays, in 
all its movements. It Itas l»ren wgiarded as-'an 



; b^, jt, qoftmuly . , , W iff* 

-%iaH«ioGfifto.6udbra deaig^oatioui; for, 

'KTolopodiby the manUe, it is still formed by thft 
HOtgiia ; and the material of which it is comp(^;d 
>iSf still lejjorboaatc of iune. On both; thesp, fc- 
eoiuitis it must be considered as a true shelly ,^jd 
'Classed among Uie productions of the iptego- 
meuts. it ditfers, indtHid, altogether fnmi ,l^i|y 
structures, which are compost'd of u ditterpnt 
kind of material, and formed on principles of 
•gli^Wth totally dissimilar.* , • ‘ 

ntiBesides teutacula, tiie Sepia is also furnishod 
(Wkii.a pair of fleshy lius, extending along. 
,tWQ> sides of the body. The Loiigo has similar 
orgnus of a smaller size, and situated only at 
tim, 4 af,tremity of tlie body which is opposMe^lo 
,thO;.ltea4r They have been regardef ps fhe 
.rudiments of true Jim, which are p^gap^^ dc- 
Mploj^ed in fishes, and which are sgpportpd, by 
, slender; bouts, called rays; but no structmo of 
.tips -hind .exists ill the fins of the Oidi.alqpod^f 
, j.i.fci suimming, the organs principally employed 
by >?cuttle-fish for giving an eflective impulse 

* Some analogies have, indeed, Ixon attempted to l>e traj-ed 
t>et\V<ieii itie cartilaginous lamina of the Loligo, and the itpinal 
of tbeloMreist order of cartilaginoim Lillies : these :i ?«hall 
jniint out in the isequel* Soiid 
a|so exist in the interior of tlie bud^’ of the cepha- 
lopoda, which arc considered by some iiaturalmis hs ii/dWiafing 
^ ali i|)fwi>ach to the forniation of an mteinaS skek tbuj #inal#4^ius 
s iW tliat of vertebrated animaki. ^ ^ v . i ^ ^ . 
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Tte8e.»IIley 

Ih^t) Ij^eir .effect .i8>il<>.;|rqp^viitli«! 
h|»0i^ of. ,^e body,, whkb is 
tow«M|y,[|iicei £»reiiiost, die head fQUoiwi«g\ ib th»r 
They; aitjio these organs ^ as .ifeet San 
bM?sW® sdong. tho bottom of the aea. la tfaeiis: 
ppeigtbeis, , tinder these ckcumstancee, the bead i».< 
altraye/, turned diOWBwardSj; and the body . up^J 
Wbfds, ,sP^ that the animal may be considered a» 
htertthy walking upon its head. The rmcessiiyt 
of; position for. the foet arises probably drom 
the iOlose investment of the mtmtle over the 
body I. for although the mantle leaves an apeirtsuw 
in the neck for the entrance of water to the respi- 
ratory-orgaus, yet, in other respects, it (osam a 
sac^ ch^^ in ey«ry part, except where 
neij^]s^0a4'acc4^^nymg tentacula protrude. 

h^gihe Calamary, as well as in the couapion 
Sepia, two of tlie arms are much longer than 
thp . rest, .and terminate in a thick cylindrical 
portion covered with numerous suckers,, whidi 
may not unaptly be compared to a hand.^ > 
These processes are employed by cuttlerhsh.aa^ 
anchor^, for tbe purpose of fixing themselv^ 
firmly roehSf during violent agitations of tbe . 
se%f a^ acoordingly we find that it is only thei. 
extremities of these long tentacula that are pro- 
vidiEld Hvith siichers, while tbe diorl ones have 
them mohg their whole length. . 



^ mmtmcK 4:enfM£]U>«bt>|.: ' ^ 

^ iBie<etbelr genicra «f Cq^o^otH^ 
iin%»Iiiiethe; Se|te^i|n«9v^te4 iwithixiititcali'ktts 
twdhednio the bead;. 9'hey iseix^r^^d 
dilfectng ekceedffii^ly in their sdaih 
v®ty >iai)ge, but a great numfa^ vtry ' toii^e; 
and evcsn microscopic.* The ^elte >idf th^ 
anksiateiare often found to contain partitldiiis 
(Miridir^ them into a number of chambM^I 
hence they have been termed camrate^, 
nttUUlocukty, or polythalamom shells. The 
redtt (Fig. 124) is a shell of this description, 
which tile cellular structure and numerous par^ 
t^Ons are rendered visible by making a secftion; 
thnough it : (Fig. 125). Some, however, as iJte 



yli^oUaie#, or Paper Nautilm, have shells undi*- 
vided by partitions; and are accordingly termed 
utmoculaFi or monotJuilamous. The shell of the ' 
Argonaut is exceedingly thin, and almost ijcllu^ 
cidi probably for the sake of lightness, for it is 
intended to be used as a boat. For the purpose 
ofnehabling the animal to avail itself of the kU- 

^ A jiarticular account has been given of the shfsjlif 
mi^i^ojkibpic cephalopoda by M. iJ’^Orbigny, in the Ahnales aes 
Sciences Nalurelles ; vii. %. u? j 


mo 


mmanom. 

aitf 'vMhe it ii tlkiis fliMdtiig^cta 
^tecSr OEttiH^ii^ furnished it with a thiniiawii- 
wMdh she h^ attached to two iirfutfee 
•tbeotaicvda, k>that it can be ^read out like a sail 
4io>catdli tlie light winds which waft the ^xiialal 
Norwards on its course. While its diminutiTO 
bark is thus scudding on the surface of the deep, 
the assiduous navigator does not neglect to ip4y 
s its lentacula as oars on either side, to direct^) as 
j well as accelerate its motion , No socmer does 
the breeze freshen, and the sea become ruffled, 
than the animal lumens to lake down its sail, 
and quickly withdrawing il^ tentacula wiithindts 
shelljirmders itself specifically heavier than !the 
• water, and sinks immediately into more tranc^il 
reg^ns beneatii the surface.* ; * ; i U 

.The common Nautilus, which is provided! with 
a siia^ar sailing apparatus, is an inbabitaati: of 
a polyth^lamous shell (Fig. 130), of which Ffig. 
127 re|>re8ent» the section. The formation ; of 
this* as well as of other shells of thisxleseri{iti<»p, 
presents very curious phenomena. The unmsal 
at certain peiiods of its growth, findingiiitself 
cramped in the narrow part pf the spire# draws 

^ It tnust be confessed, boweter, that 
nmi are still very itnperfi^cily kitoiAH. Conskiarable 
<?utertaiti^ whether the shell it inhabits is formed by tW 
itself, or whether it is the prpduction of some other, but uukncjiwii 
sji^cies of Alo|lusca^ and is merely taken posk^ion of by the 
j^rgonaut as a epnvenieut hubitation, which it can t[Mit ,aad 
Sgain at pleasure, /V 
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i«^ liiatfp^bn i^1:he maai^Much dcfeiipied #, 
ttet»?]eiaviag<c(imeaiit»8pace^ The sixrlaceof die 
«l^uiide which has preceded immediately be^is lo 
iiaeciete calcareous matter, which is dep^iteid in 
ttbe fenh of a partition, stretchihg completely 
■sietoes the area of the cavity. As die miimal 
proceeds to increase in size, and to occupy a 
'Wider portion of the external shell, the same 
nefcessity stxm n'curs, and the same expedient is 
"agiftin resorted to. It withdraws its mantleifrom 
^hfei narrower into the wider part of the sliell; 
iand ilien forms a second partition, at a little dis- 
^ tanoe from the first, corresponding to the ^fioce 
‘litfthy the recedifig of tlie niimtie. This proc^ 
‘is; pepejrted at ix^giilar intervals, and produces 
the multitude of chambers contained in poly- 
'thalhtnous shells, of which the living animal oc- 
’cnpies only the largest, or that which condnues 
npbni.* The partitions are in general; perfm<qted 
either in the centre or at one side^ lor die pUr- 
iposu' of giving passage to a ligament, which pre- 
swerves the attachment of the mantle to the apepe 
Hof *the shell; This ligament is often sorrounded 
either «itirely or partially by shell, which forms 
a tube, denominated i\mst/phon: and portions of 
whick are seen in the section Fig. 127.. . : 

* This structure is extremely prevalent iu fossil shells: sidtne 
pf which are spiral, such as the Cornu AmmonU, while others 
are straight cones, such as the Bacculite and OrthoceruHle. 
In most of llicsc the partitions arc very nunievoiis, ariil 'hive 
undulating surfaces. 





t^HAPTEU iV. 

ARTtCULATA. 

r. Articulated AninMls in general. 

the Cephalopoda, the transition fe easy td 
lhe'''ldw’e^ btder of Vertebmted animals. Bht 
pife^busly to pursuing the analogies which ddn- 
httet^these two divisions of the animal kin^dditi, 
lM^ ‘hkte to pass in review a very extensive series 
oif 'hftimal forms, constructed upon a pecultfifl^ 
SyHteUi'j and Occupying, as well Us the Molldscai 
a ’^lacd’ intermediate between Zoophytes and 'tiie 
i¥tdre 'highly Oi^anized classes. >i ' 

'J we have seen that even in those Zoophyte^ 
^Mch ai^e di-Stihgtiished from the rest by a 'hidH^ 
ehfhoi’dte ®eOnfdrmation of organs, the po#fer4' 6f 
pfo^^essive motion are always extremefy Thnltied. 
I^dt' are' the Molhisca in general more 'h%h1fy 
favoured with' iV?Spedt to the degree iti'’ivh1dh 
they enjoy this faculty. But the greater number 
of the animals composing the series we are now 
to examine are provided tvith a complete appa- 
ratus for motion, and endowed with extensive^ 

eap4<attei'‘ihi* ttsihg'ahd a^ply&ig It in ValrilMl 
V^r Whrl^-iidtu^eiiaa pred^dd In tiid 
shfut^tidh' Of Ihel^ v ital' organs thO didapliiSty whIdM' 
^hl# prita%iVe‘’iiiddes of di^d)ftiiEatrdiir^^ 
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has adhered to a definite model in the formation of 
the diiferent parts of the system, she has nowhere 
displayed more boiw^less yaripty in the combin- 
ations of the forms which she has impressed 
upon the mechanical instruments, both of pre- 
hension and of progression. 

All the tribes of Zoophytes, and by far the 
greater number of Mollusca, are limited by the 
cor^titution of their system, to an aquatic 
et^e. But ill following the series of 
an^tnais, we very soon emerge from tljie. waters, 
structures adapted to progrosaion pft 
For this we see that propai ation is nar^y 
]nade in the developcment of the nascent struc- 
tprea^; A fartlier design, also, soon, becomes 
inam.fa8t ; and instruments are giveit for ele- 
vating the body above the ground, and for 
traversing with rapidity the light and scarcely 
rpsiSjting atmosphere. This prosjjectiye de^n 
may, be traced in the whole system of insects; 
eyoTy pmt pf which is framed with, refm’ence, to 
tl^; pmperties of the medium through which 
th^ moyements are to be perfonned. 


... 'tU :■ 

. , , 4 2. Anndida.. , 

,]^owp»t division of articulated animals, 
pfP^pdf those which have a yennjdoai* sha|M^ 
ap^j|\|jrhi 9 li compose the class of 
4^ulpse gnimab ; of which the, eai^U-wiofnt 
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i«ii^ fee takew'^^ type,* and 'inest 

efdmple. In the eerie# of 4tfnet«ities*'wliJeli> 
conetifttte tliis division of the animal kittgdhmV 
we ' may trace reniarkable gradations rrf! dei* 
velopement, through which nature appears' 'tsa 
paas in attaining the higher and more perfect 
conformations. ‘ 

It may be remarked that, in effecting the 
transition from Zoophytes to the new model of 
construction here presented, nature seems to 
have wholly abandoned that radiated disposition 
of parts, and those star-like forms, so character- 
istic of the beings which are placed on the 
confines of the animal kingdom, and which Still' 
retain an analogy with vegetable stmctureSi 
»She now adopts a more regtdar law of iSym- 
metry ; by which all the parts are referable to 
one longitudinal axis, and also to a vertical 
plane passing through that axis, and which hsis 
been termed the mesial plane. As a direct con- 
sequence of this law, w e shall find that in the 
forms which are hereafter to pass u^der our 
review, as far as the external organs general 
outline of the body are concerned, all that exists 
on one side is an exact counterpart, like a re- 
df what is found on the 

While in the Star-fish, and Echinus, nothing in 
point of srtnntkta w*®® definite, excepting the 
upper and the lower surface^ and tltctewao^no 
^e which could be exclusively donmninated 
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e^«rttlie fight or the left side, and no end that 
could be properly said to be the front, or the 
batdii in Articulated, as well as in Vertobrated 
anhnais, all these distinctions are clearly marked 
and easily defined. 

In all the Amielida the firmest parts of the 
body, or those which give mechanical support to 
the rest, are external, and may be regarded either 
as appendages to tlie integuments, or as modtft- 
cations of the iutegumeuts tliemselves. They 
consist of a frame-work, composed of a series of 
horny bands or rings : their assemblage having 
more or less of a lengthened cylindric shapes 
and constituting a kind of external skeleton^ 
which encloses all the otlicr organs. This is 
exemplified in tlie earth-worm ; in the Vmt-- 
(ibddla (Fig. 120), which is a species of leech ; 
and in the Nereis (Fig. 129). These rings 



give rise to the division of the body into as 
many diftercsit segments. In some cases, hejw- 
we And all these rings comprets^ into 
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ibf form of a flat oval disk. This is the^ m 
the Erpobddla, oi’whidb Fig. I ^ is an enlarged 
i%|>resentation. 

In general, the first of the segiaents into 
which the body is divided, contains the jaia- 
cipal Cleans of sense, and is sufficiently distinct 
from those which follow to entitle it to the ap- 
pellation of the head ; while the lengthened pro- 
longation of the opposite extremity, when stK?h 
a form is present, may be denominated thfi 
tail. 

The rings which encircle the body are con- 
nected laterally by a looser and more flexible 
portion of integument, and also by layers of 
muscular fibres, curiously collected into bands. 
The muscular flesh of insects, and other animals 
of this class, differs much from that of the larger 
animals, being soft and gelatinous in its texture, 
though endowed with a high degree of irritabi- 
lity, and contracting with great force, The 
fibres composing each band are all parallel to 
one another, and have seldom any tendinous 
attachments; being generally inserted directly 
on the parts they are destined to move. Thus 
Ute acyacent margins of the rii^s of wonpa 
(as shown in the diagram, Fig. 1.31) eon- 
neeted t<^?ether by these muscular bands, which, 
pass transversely from the one to the other, 
immediately under the skin, and parallel to the 
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axis of body* There are generally four 
«sact’liiuas provided; two ronning alo^g tje 
oa^k, and two along the lower part of the 
body. 

The effwts which result from the action of 
th^ muscles are such as might easily be anti- 
ici^ated. The low'er set must, when contracting, 
hiring the rings nearer to one another at that 
lo^f part. ; and when the whole series occupy- 
ing that situation are exerteil in concert, they 
will raise the body in the form of an arch. An 
opposite curvature will be protluced by the con- 
traction of the upper bands ; whereby the bac;k 
will be l>ent downw'ards, and both ends of the 
body raised. In proportion as the two bands, 
situated on each side, act in concert, w'bile the 
others are relaxed, the; Imdy will be bent late- 
rally tow'ards that side. When all the four 
muscular bands contract together equally, their 
joint effect will ho to bring the rings near to 
eUch other, and to contract the length of the 
worm ; the skin being at the same time wrinkled 
arid swelled out betw een the rings. 

Other muscular bands, attached to the rings, 
pa^ from the one to the other in more oblique 
dii^ctions. By means of these muscles the 
riiigs may be made to recede at some poiniEs, 
while they approach at others ; so that the ho<Jy 
may be either twisted laterally on its axis, or 

vetL. I. T 
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wholly elongated, ao^ording as the actions of 
these oblique muscles are partially or geoeradly 
exerted. 

The skin on the surface of the earth-worm is 
furnished, at the parts where it covers the rings, 
with very minute bristles, called Set^e, by means 
of which tlie animal is enabled to fix tho.se parts 
on the ground, while the otlier portions of its 
liody are in motion. Both in the anterior and 
posterior segments, these hairs are directed to- 
wards the centre of the animal ; while those on 
the middle segments are f>erpendicular. * We 
almost constantly find, in nuimuls belonging 
to the order of Annelida, some provision of tliis 
kind. Often it consists of tufts of hair regu- 
larly disposed in rows on each side of the under 
surface. In the JSereis (Fig. 1’29), a genus of 
sea-worms, there arc often above a hundred 
pair of little tufts of strong bristles: and be- 
tween these we lind tentacula to prevent the 
animal from running t^ainst any thing by which 
it might be injured. They also raise the body 
from the ground, for which purpose, as they 


♦ A» aw instance of the extraordinary multiplicity of species 
existing in every department of living nature, I may here notice, 
that of the common earth-worm, apparently so uniform in its 
shape, Savigny has lately, by a closer examination, been able to 
distinguish no less than twenty-two different species, among 
those found in the neighbourhood of Paris alone. 
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are used under water, very little support is ne- 
cessary.* Sometimes the whole body is covered 
witli hair ; at other times these appendages are 
in the form of hooks, which, of couree, give 
greater power of clinging to the objects on which 
they fasten. In some, again, they assume more 
the nature of feet, of which they exercise during 
progression all the functions; being furnished 
with several sets of muscles for adjustiug and 
strengthening their actions. 

The mode by which an animal of this de- 
scription advances along the ground is very 
simple. It first protrudes the head by tin; elon- 
gation of the foremost segments of the l)ody, 
while the others cling to the earth by means 
of the rings, and also of the bristles and other 
appendages to the inU^gunugits. The head 
is then applied to tlu; ground, and made the 
fixed point, and the segments next to it, which 
had been elongated, are now contracted by 
the action of their longitudinal muscles; in 
doing which, ecpial jwrtions of the succeeding 
segments are necessarily elongated : these are 
next contracted ; and so on, in successioji, till 
the whole is brought forwards to the Jiead : after 
which the same series of actions is repeated, 
beginning Vith the advance of the head. 


* Home; lectures, &c. VoL i, p, 116, 
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Woms often reverse this motion, and aie Ulus 
enabled to move backwards, or wkh die >tail 
foranost. * > 

Great varmty exists in the fonns of the ani^ 
mals referable to the type of Animlida^ The 
Gordim, or hair-worm (Fig. 132) is diat which 
exhibits the greatest developement in length 
compared widi the breadth of tlie body. It. has 
the form of a very long and slender tliread ; the 
annular structure being indicated only by very 
slight transverse folds of the integuments. No 



external members, nor even tentacula, havi' 
been given to this simplest of vermiform ani- 
mals. 

Many of die animals of this class being soft 
apd defenceless, are obliged to consult their 
spfety by retreating into holes and recesses, or 
by burrowing in tlie sand or mud. One genus 

« See Home; Lectures on Comparative Anatomy, Vol. i. 
p. 114. 
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oufy, the Serpula (Fig. 133), forms for itself ftn 
external shell, wliich is shaped into a spiral tube. 
Others, as the Sabella and the TerebeUa^ accom- 
plisli the same object by collecting grains of 
satid, «r fragments of decayed shells, or other 
substanct^, which they agglutinate together by 
means of a viscid exudation, so as to form a 
firm defensive covering, like a coat of mail. 
Fig. 134 shows this rude architecture in the 
TenMUi cmu kileffa. These coverings, however, 
composed as they art? of extraneous materials, 
and not being organic productions of tin* animals 
themselves, are structures w holly foreign to their 
systems. These inhabitants of tubes, the 7’«- 
hicolfP of Cuvier, are generally furnished with 
tcntacula, issuing from the head, which, when 
the rest of the body has retired within the tube, 
is the only part exposed. 

The expedient resorted to for progressive mo- 
tion by the Lumhricus marium of Linnapus 
(Arenicola pisentonun of Lamarck), is very re- 
markable.* This worm, depicted in Fig. 135, 
swarms on all sandy shores, and is dug up in 
great numbers as bait by the fishermen. It 
bares its way through the sand by means of 
the peculiar construction of the rings of its head, 
which, when elongated, has the shape of a re- 


• See the account given by Mr. Osier, Philo«opltical Trana** 

actions for 182(), p. 342, 
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guM cdnei As «Ach ring is so mncli smaHer 
thioi ’tilie one behind it as to tahaait o# being 
reoeired within it, the whole head, when com- 
pletely retracted, presents a flat surface. Wlm 
this disk is applied to the sandj the anhnal, by 
gradually projecting the cone, and successively 
dilating the rings of which it is composed, opens 
for itself a passage through the sand, and then 
secures the sides of the passage from falling in 
by applying to them a glutinous cement, which 
exudes from its skin, and which unites the par- 
ticles of sand into a kind of wall, or coating. 
This covering does not adhere to the body, but 
forms a detached coherent tube, within which 
the animal moves with perfect freedom, and 
which it leaves behind it as it progressively 
advances : so that the passage is kept pervious 
throughout its whole length by means of this 
lining, which may be compared to the brick- 
work of the shaft of a mine, or tunnel. 

An apparatus of a more complex description 
is provided in the Terehella comhiles^a, belong- 
ing to a tribe of marine worms, which from the 
peculiar circumstances of their situation, inha- 
biting parts of the shore nearly midway be- 
tween high and low water, are obliged often to 
prolong their tubes to a great length through 
the sand ; for, in consequence of the frequent 
shifting of the sands in storms, these animals 
are sometimes buried to a considerable depth, 
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and at others have several inches of dieir tubes 
exposed. In the one case, they must work t^ir 
way speedily to the surface ; in the other, they 
muM dive deeper below it. The manceuvres of 
the terebella are best <d>served by tsdcing it out 
of its tube and placing it under water upon sand. 
It is then seen to unfold all the coils dl' its body, 
to extend its tentacuia in every direction, often 
to a length exceeding an inch and a half, and to 
catch, by their means, small fragments of sliells, 
and the laiger particles of sand. These it ilrags 
towards its head, carrying litem btdtind tlie 
scales which project from the anterior and lower 
part of the head, where they arc immtxliately 
cemented by the glutinous matter which exudes 
from that, part of tlie surface. Bending the head 
alternately from side to side, while it continues 
to apply the materials of its tube, tlie terebella 
has very soon formed a cxunplete collar, which it 
setlulously employs itself to lengthen at every 
part of the circumference with an activity and 
perseverance higlily interesting, l^or the pur- 
pose of fixing the ditierent fragments compactly, 
it presses them into their places witli the erected 
scales, at the same time retracting the body. 
H^ce the fragments, being raised by the scales, 
are gen^^lly fix^ by their posterim* edges, and 
thus overlaying each other, often give the tube 
an imbricated appearance. 

Having formed a tube of half an inch, or an 
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ii^ jn l^ebeUsu ; 

%Hyfjl?iicb.^rppse4jt(4i«ictp.itfr^^ ^^ai|^ilt^|lte 

sjaijMl^ a^d <miTActi|igpom#!(^;th0tpQSi;emr«»«ag»ii. 

eM«oei»n of theiibead,w^«h;tlMis^ 
slowly ipal^ ita way. through the ioa$s befi»roi!ilv 
avaiMng of the ipaterials which tH meet*:; 
with in its, •couiae, and so contonm, to 4kdvahoe 
till -th# whole, tube is completed. - After thls/has 
been accomplished^ the animal tume itaelf withm.! 
tbe tube, aoithat its head is next to thhittiriahe, 
ready, to receive the water which brings itfookh 
apd M.' instrumental in its respiration. In. Suni-’ 
mer, the >^hole task is completed in four or. five. 
hours,; but in cold weather, wbeti the' womr is . 
more sluggisli* and the gluten is secreted umw© 
seantily, its', progress is considerably slower. - 
.Tmdacula of various kiuds are also met with 
in. several of the more active and viyaedouB kinds 
of anneUdai such as the Nereis (Fig. l^«),,pror- 
ceeding from the margin of the mouth and ether 
parts of the liead. This animal miims with 
great, facility by rapid, unduladog inflexions of 
its body ; and by practising a similar ihidcession 
of , movements! iO /the doose ^nd at the )bott)ora 
of , .the Utater, it quickly hiries itsdf and even 
tratels . to oonsiderable distances thniligii) iihe 
sand, fljrst eattending theantmior^r^^ tbm < 
bringisiE jup the posterior part of the body ; tils ‘ 
progress being also much assls^ by the actioA < 
of!itS;nwnfirOHs<bristl|r<feet,* . uh u. 

f Osier, PbU. TruBl. 182S. p. 342. : , 





2#H 

- FaeililtMi^'lRn^fM^greaaiotYai^ alio gkefi by the 
additlott ctf ittbercles, aivftnged la^ j^tra iloag 
tha anderiside bf the body, which Jietve tlte ptti*- 
poo^ of 'feet, and are often ftsmishedWiib bristles 
of hooks'.i In the AmpkiMU, Hkiny other 
gettera, tufts hair occupy the place of feet on 
eacb aide, and being moved by musdcs sif»e- 
ciaJly provided for that purpose, serve ns levers 
for effecting poogressive motion. 

WC find the same object aocompUShed by very 
different means in other animals of this class. 
Tte leech, for instance, havit>g the rings wfiich 
encircle its body very numerous and close tO 
each other, could not well have advanced by the 
ordinary modes of vermiform progression. As a 
substitute, accordingly, it has beeh furnished 
with an apparatus for suction at the two extremi- 
ties of the body, which are formed into disks for 
that purpose. By fixing alternately the One 
and the otiier, and contracting or elongating tlic 
body as the occasion requires, the leech can 
move at pleasure either forwards or backwards. 
Thus, while the tail is fixed, tlie head may be 
advanced by lengthening the wbole body, ‘and 
when the head is fixed, the hinder sueker can 
be brou^t forwards by the contraction of the 
bedy,^ 'and Emptied to the gmnnd near to the 
head, and preparation may thus be made for 
taking anotha* ^p. 

Most of the parasitic animals which inhabit 
the interior cavities of the body, and 'esi>ecially 
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the alimentary canal« cwrespond isi -eKtemal 
form, as irell as in many circumstances of inter- 
naieonformaiion, to the Annelida.' Tiiey com- 
pose im order dmmninated the En^m. 


§ 3. Arachnida, 

In passing from the Annelida to the Araehmda, 
an <»der which comprehends all the species of 
spiders, together with animals allied to them in 
conformation, we find that a considerable advance 
has been made in the progress of developement. 
The frame-work of the body is more consoli- 
dated: and tlie instruments provided for pro- 
gressive motiem are shaped into longer and more 
perfect levers, are united by a more r^ned sys- 
tem of articulation, and are moved by more dis- 
tiimt and more powerful muscles; so that the 
body is elevated from the ground, and enjoys a 
greater range of action, and a wider sphere of 
percqjtion. 

The rii^s, which always compose the &ame- 
wonrk of the Annelida, am here consolidated so 
as to form two principal divisions of the body, 
the one in front, termed the CtpbaUh^thorax, 
wiiich Gontmns the oi^ns (d sensation, and of 
mastication, and also the principal researvolr of 
cireulating fluids ; the other, which is behind, 
and conhtins the cagans of digestion, is termed 
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the Mmen^ In the spider (Fig. 130, where 



c is the cejdialo-tlifMrax, 
and A the dbdomen) these 
two portions of the body 
are separated by a det'p 
groove, which leaves only 
a slender pedicle, or tube 


of communication be- 


tween them. There are usually in the maJe 
four pair of legs, constantly articulated with the 
cephalo-thorax ; but the female is furnished witJi 
an additional pair, to enable her to carry her 
eggs. For the purpose of obtaining an extensive 
base of support, the feet of the spider are spread 
out in diverging rays, so as to include a very 
wide circle. They are divided into several joints, 
those next to the body being termed the 
and the succeeding ones the leg, and the 
and each foot is terminated by two, or sometimes 
three hooks. Besides these, there are other 


inembem, resembling feet, which are placed in 
front of the head, and have affixed to them either 
a moveable hook, or pincers, which are employed 
as organs of prehension, and of offence. Through 
the larger branches of these a canal passes, 
which opens near the point, and conducts a 
poisonous fluid into the wounds inflicted by this 
formidable weapon. 

In common with all articulated animals, 


spiders, in the progress of their growth, cast ofl‘ 
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thew^buler dsla times, and at Tegttkir 

p«dd(M.’ * In thC' eariicr stipes bf theS'^ extatence; 
although they haibe' the general 'foim bt the 
nature insect, yetthey have'a smail^ nntnher' bf 
legs : the last pair not making thdt appeatanbe 
till a£ter the spider has attained a certain bize: 
We may here trace the commencement of that 
system of metamorphosis, which, as we shall 
afterwards find, is carried to so great a length in 
winged insects. 

Spiders are endowed with extensive powers of 
fncgressive motion, and display great activity 
and energy in all their movements- Tlie long 
and elastic limbs on which the body is sus- 
pended, being firmly braced by their articu- 
lations, enable the muscles to act with great 
mechanical advantage in accelerating the pro- 
gr^sion of the body. Hence these animals are 
enabled to run with great swiftness, and to spring 
from a considerable distance on their prey ? 
powers which were necessary to those tribes that 
live altogether by the chase. The greater number 
of species, however, us is well known, are pro* 
vidied with a curious apparatus for spinning 
threadsi and for eonstructiilg webs to entsUigle 
flies Uadi other ; small insects. Every spee#^ *bf 
spider ’ wearies dts web in a manner peculiar 'to 
kselfi tttdi besides the principal w<eb, they eAdf 
conMmcl ta! the' neighbouihood a amalfor ‘ tilfe; 
id tthe'form^’of m,- *ceU,‘ >m' which “dify txmcedl 
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and lia in ajnbusli for tfaeir prey. 
B|E^w«m this cell and tine principal • web Uiey 
ei^^nd a tlixead ojf communicaiou, and by the 
Yibra^an^ into wJiich this thread i» tlirown, 
th^jCpntact of any sdiid body, the apider is im- 
mediately acquainted with the event, and passes 
quichly to the spot, by the assistance of the 
same thread. 

, .Some species have tlie power of conveyii^ 
themselves to cousidenible distances through the 
air by means of threads which they dart out, 
and which are borne onwfirds hy tlje wind, 
while the spider is clinging to the end of Uie 
thread which is next to it. In this manner thest? 
spiders are often carried up to a great lidght in 
the air : and it has be€m supposed that during 
their flight they often seize ujmn gnats aiid otlmr 
flies; liecause the mutilated reimiins of these 
insects are often seen adhering to the threads : 
tills .point, however, is still open to imurh 
doubt. 

Tl»e Natural History of the sjuder is in many 
paints g( view highly interesting, not only from 
the , great extent to which the organic dm^elt^- 
meut is carried, and the energy witli which all 
the, functions of animal life are performed ; but 
also , with refm^ence to the w'lmderful instincts 
disfhtyed in the construction of its web, in fhe 
surprise ami destruction of its victims, and in 
the zealous guardianship of its young. : it would 
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be iiBpQB8ible» in so brief an outline as the one I 
am now tracing, to enlarge nprni so fertile a 
without being led too far from the ^ject 
I hare at present mote particularly in view, 
naiiiely the developement of organization with 
Terence to the organs of progressive motion. 


^ 4. Crustacea. 

The plan whicli Nature appears to have com- 
menced in the construction of the Arachnida, is 
farther pursued in that of the Crnstacea. The 
portions into which the external frame-work of 
the body was divided in the former, are still 
further consolidated in the latter: they arc 
composed of denser materials, and endowed 
with greater rigidity ; thus not only oftering more 
resistance to external forces, but also giving a 
firmer purchase to the muscles which are the 
moving powers. The limbs, as well as the 
whcde body, are encased in tubes of solid car- 
b(mate of lime : they are articulated with great 
care, and almost always compose hinge joints. 
Tlie muscles, by which these solid levers are 
moved, are lodged in the interior, and their 
fibres eitlier pass directly from one j>oint to 
another, fu;ross the joint; or else tiiey are at- 
tached to cartilaginous plates, which, fin* the 
purpose of receiving the museles, arc made to 
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proj^t into the interkM* of die upper portion of 
the limbj^being dieaiselveo inuuovably connected 
ivith the Jbwer pcHrtioni. By this expedient, not 
only is tlie employment of a tmion dkjieiised 
with, but a larger surface is presented for die 
attachment of tlie muscles, which by acting 
also upon a longer lever, obtain great uieeha- 
iiicai advantage. It would lie 8ui>crfluous to 
occupy more time in explaining the minutia! of 
structure in these joints, liecaust* the simple in- 
spection of the limbs of a c-rah or lobster muU 
give clearer ideas of this mechanism than can 
be conveyed by any lahourctl de.sfTiption. We 
must content ourselves with a brief sketch of 
the principal constituent jiarts of these external 
memlx^rs of the Crustacea. 

The numlKjr of pairs of legs is either three or 
four : tiach leg is divided into five piercis. The 



piece H (Fig. 137), next the trunk, is termed 
the AauMch, to which is united the trochanter, 
t; after which come, in succession, the femur 
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or ihigh, F ; two portions of the leg, l ; and 
the tarsus, p. Irtie Hauhcii i4' ixsu^y short, 
l|eiAg il1^;r;p6^’'^eirety’as a't^is6^f<w.lnciFi^^mg 
the ext^Vof itobtidn of the piecesi whiiSi'^now ; 
ahd soihetl&eB it is itself composi^ 
bhe piece. The leg is usually divided Ihh) two 
pieces, by a joint. The tarsus is ter^hhted hy 
a single or double hook, and sometimes by a 
piricer, or claw. • J « 

New organs, not met with among the ArhcH- 
ttida, are Here for the first time developed, 
namely, the Antenna, of which there is ohe' on 
each side of the head. They are dehomliik^d, 
in popular language, the feelers; although 'il* is 
more than probable that they pierfbrhi *ildme 
filhctibn of higher importance than thtit of cdii- 
veying perceptions of mere touch; The linti^hMje 
consist of slender filaments, composed of a'‘^reat 
nuihber of pieces articulated together : idnif mey 
are ipfinitely diversified in their foraif ' iii^'fhe 
different genera and species, both of (i'ru^tadba 
and of Insects. ^ 

The jaws, and other parts connected ‘the 
mouth, piesent a great complication of sf^dl&e; 
and many of these parts are employed In vaiidhs 
uses besides those of mastication ; siich '^‘We 
seizing of objects, and turning th^a^ih'^SffMis 
ways for examination; and, acOordin'^’^tb ‘their 
suitablene^ as articles of food, 'chnfeyihg'*thbih 
into the mouth. These oi^gans ‘are cdfted "’the 
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Palpi, and sometimes the fgdse feet. Tliey 
always exist in pairs, and take their rise from 
the lower lip, or some adjacent part of thf head^ 
The portions of which each is composed are 
articulated together and moved by muscles in 
the same manner as the ordinary or proper feet. 
It is worthy of notice, however, that sometimes 
the foremost pairs of palpi are shaped more like 
jaws, and actually perform the office proper to 
jaws, of compressing and dividing the food pre- 
viously to its introduction into tlie mouth. These 
auxiliary jaws are then called mandibles. In other 
instances, we see them assuming every variety 
of intermediate form between that of manditles 
and of false feet, so that it is often difficult, 
amidst these gradual transitions of structure, to 
decide to which of these two kinds of organs a 
specimen we meet with properly belongs. It is 
apparently with a view to evade this difficulty 
that a term has been invented which shall in- 
clude them all, namely, that of feet-jaws. These 
transitions are illustrated by the annexed figures 
of several of these members in the Mysis Fa~ 
hricii; Fig, 138 being that of a mandible, with 
its feeler, or palpus ; Figures 139 , 140 , and 141 , 
representing the first, second, and third pair 
of feet-jaws; and Fig, 142 , the first pair of 
^ true feet. It would thus seem as if the same 
constitu^t element of the fabric is converted by 

VOL. I. u 
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nature into the one or other of th^ organs, 
according as best suits the exigencies of each 
particular case.* 

In the lobster, the crab, and many other 
analogous Crustacea, the foremost pair of true 
feet are also modified to suit a particular pur- 
pose ; the pincers which terminate them b^ng 
expanded into a claw, and constituting a pow- 
erful organ of prehension, and a formidable 
weapon of offence. It resembles a finger and 
thumb in its power of grasping and strongly 
compressing any object on which it seizes; and 
to enable it to do this with more effect, the inner 
edges of both parts of the claw are notched or 
serrated. 

The large portion of shell which is consoli- 
dated into one piece, and covers the upper part 
of tlie body, is termed the shield, or caropaee. 
The tail of the crab is very short, and is united 
with the body, appearing as if it had been folded 
under it. The feet-jaws are particularly large, 
but short : the articulations of the feet are each 
as to allow of scarcely any motion but in a trans- 
verse plane. This is the cause of the greater 


♦ The labours of Savigny, Audouin and Latfeille appeat* to 
have established a complete analogy in the respective component 
parts, not only of the feet, feet-jaws, jaws and mandibles, but 
also of the palpi and other appendices attached to the head, in 
all the ankulffted animals, whether belonging to the classes of 
turachnida, crustaicea, myriapoda, or winged insects. 
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facility the crab finds in walking side-ways, 
which it can do with great quickness when 
urged by a sense of danger. The lobster, on 
the contrary, is better formed for swimming 
than for walking. The hinder part of its body 
is divided into segments, which play upon each 
other by a remarkable kind of mechanism, the 
margins of each portion overlapping the suc- 
ceeding segment, and partly enclosing it. The 
tail is the principal agent used in swimming, 
and the whole force of the muscles is bestowed 
upon its movements. As it strikes the water 
from behind forwards, the lobster can only swim 
backwards; and it is assisted in this action by 
five pair of false feet, which are attached to the 
under side of the body, behind the true feet, and 
which terminate in a fin-shaped expansion, giving 
them the effect of oars. The extremity of the 
tail is still more expressly formed for giving 
effect to the stroke, being terminated by a num- 
ber of flat scales, which, when expanded, present 
a broad surface to the water. 

The calcareous coverings of these Crustacea 
are analogous to shell both in structure and com- 
position. They contain, however, some phos- 
phate of lime, in addition to the carbonate. The 
calcareous particles are deposited on a membrane 
of considerable firmness ; and they together com- 
pose a dense, but thin and fragile structure, 
which, in order to distinguish it from the shells 
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of tie moUiiSca, has been denominated 4"cnai 
A solid fracture of this kind, as we have alrea^ 
seen, does not admit of increase by the ex^n- 
sion.of its own parts: so that in order to al5fow 
of the growth of the parts which it enclos^, it is 
necessary that it be cast off, and exchahgeu 
for a new shell of larger dimensions. 

The process by which this periodical casting 
and renewal of the shell are effected, has beep 
very satisfactorily investigated by Reaiimuf. 
The tendency in the body and in the limbs tb 
expand during growth is restrained by thp 
limited dimensions of the shell, which resists 
the. -efforts to enlarge its diameter. But this 
force of expansion goes on increasing, till at 
length it is productive of much uneasine^ to ttie 
animal, which is, in consequence, prompted to 
make a violent effort to relieve itself; by this 
means it generally succeeds in bursting the shell; 
and then, by dint of repeated struggles, extricates 
its body and its limbs. The lobster first wiili- 
draws its claws, and then its feet, as if it were 
pulling them out of a pair of boots : the he|d 
next throws off its case, together with its anteh- 
nsB ; and the two eyes are disengaged from their 
hoyny pedicles. In this operation, not only tlie 
complex apparatus of the jaws, but even tele 
hprpj cuticle and teeth of the stomach, are all 
cast pff along with the shell : and, last of all, 'tHe 
taiHs extricated. But the whole process is 1461 
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accomplished withput long coutinaed efforts, 
i^metimes legs, are lacerated or toi'h off, in 
thcj attempt tp withdraw them from the shell ; 
and in the younger Crustacea the operation is not 
unlreguently fatal. Even when successfully ac- 
complished it leaves the animal in a niost lan- 
guid state : the limbs, being soft and pliant, are 
scarcely able to drag the body along. They are 
not, however, left altogether without defence. 
For some time before the old shell was cast off, 
preparations had been making for forming a new 
one. The membrane which lined the shell had 
been acquiring greater density, and had already 
collected a quantity of liquid materials proper 
for the consolidation of the new shell. These 
piaterials are mixed with a large proportion of 
colouring matter, of a bright scarlet hue, giving 
it .the appearance of red blood, though it differs 
totally from blood in all its other properties. As 
spon as the shell is cast off, this membrane, by 
tlfe pressure from within, is suddenly expanded, 
and by the rapid growth of the soft parts, soon 
acquires a much larger size than the former shell. 
Then the process of hardening the calcareous in- 
gredient commences, and is rapidly completed; 
vfhile an abundant supply of fresh matter is 
^ (led to increase the strength of the solid walls 
jwhich me thus constructing for the support of 
t||e ,miunal. Reaumur estimates that the lobster 
gmns, during eaph change of Its cbvel^tij^, an 
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of one-fifth of its fonner (lini{^n»<n;». 
Whm the animal has attained its full size, no 
opemtion of this kind is required, and the same 
shell is permanently retained. 

A provision appears to be made, in the inte- 
rior of the animal, for the supply of the large 
quantity of calcareous matter required for the 
con^ruction of the shell at the proper time. A 
magazine of carbonate of lime is collected, pre- 
vious to each change of shell, in the form of two 
rounded masses, one on each side of the stomach. 
In the crab these balls have received the absurd 
name of crab’s eyes; and during the formation 
of the shell they disappear. 

It is well known that when an animal of this 
class has been deprived of one of the claws, that 
part is in a short time replaced by a new claw, 
which grows from the stump of the one which 
had been lost. It appears from the investigations 
of Reaumur, that this new growth takes place 
more readily at particular parts of the limb, and 
especially at the joints ; and the animal seems 
to be aware of the greater facility with which a 
renewal of the claw can be effected at these 
pmrts; for if it chance to receive an injury at 
the extremity of the limb, it often, by a sponta- 
neous effort, breaks off the whole limb at its 
junction with the trunk, which is the point 
where the growth more speedily commence. 
The pmundsoon becomes covered with a delicate 
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whdjetnembrane, which presents at firit a convex 
surface : this gradually rises to a point, and is 
fbund on examination to conceal the rudiment of 
a new claw. At first this new claw enlarges 
but slowly, as if collecting strength for the more 
vigorous effort of expansion which afterwards 
takes place. As it grows, the membrane is pushed 
forwards, becoming thinner in proportion as it 
is stretched ; till at length it gives way, and the 
soft claw is exposed to view. The claw now 
enlarges rapidly, and in a few days more acquires 
a shell as hard as that which had preceded it. 
Usually, however, it does not attain the same 
size ; a circumstance which accounts for our 
freqriently meeting with lobsters and crabs which 
have one claw much smaller than the other. 
In the course of the subsequent castings, this 
disparity gradually disappears. The same power 
of restoration is found to reside in the legs, the 
antennae, and the jaws. 

We must naturally be curious to learn, if pos- 
sible, from what source these astonishing powers 
of regeneration are derived, Reaumur hazarded 
the conjecture, that there might be originally 
implanted in each articulation a certain number 
of embryo limbs, ready to be developed as ocdk- 
sion might require; somewhat in the way in 
which the rudiments of the secondary tec^h 
remain concealed in the jaw, in preparation fbr 
replacing the first set when these have bedn re- 



. • THE MECnAMlCAL FtllVeTlONS. 

* • 

menedi* Bitt tMg^kyfwthesis i8 oii«g|ftara 

tMit if die lose® only paittofstibe 

USli, liti is tl^ deficient portion lalone^ nnfinbtr t&e 
whtde ihnft* that is regeneraifeed ; l^e sprootiiig 
of die. neiv claw bears a strong analogy - to cibe 
budding of a plant; both having their oii^h 
froQi -an imperceptible atom« or germ, which»;is 
either formed on the occasion, mr h«^ prei-exialed 
in the ; organization. We are, how^rmr, totally 
destitute of tlie means of deciding which of- these 
alternatives is nearest to the truth. It is but too 
probable that the agents which can effect such 
wonderful operations will ever baffle our niost 
scrutinizing inquiries, and that they are of itoo 
refined ,an order to come within the :reach of the 
most subtle, oonjectures th^ human imagination 
can devise- m 


Chapter V. 

INSECTS. , 

§ 1 . Aptera, . , * . 

. ■ 

At^naous, m* win^ess insects form the nmot tena 
in the series of articulated animais. Cliaad.y 
allied in ffleir organization to many of the {#0- 
ce^ipgk-^ppsiliesii they differ from them in tichig 
essentially for a terrestrial instead df aar 
a^uptipblife; . Most of the lotoer tdb» tif sthis 
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* # 

orddr^ase (parasitic, ithat if ^ 4«:ate thdr n<Kwisb> 

B^antr^fram the jaioes b£ other tmimals, tfae^sldB 

# 

o£ I whidh’ they infest and peai^a|e, and < ii^ 
whkhithey insert tahes for suction; The ^rknis 
tribes: (d* Aeari, or mites, of Pedimlii OT he#, hf 
Hieiai, or ticks, of Ptdiees, or fleas ; together tHtft 
the Podura^ or spring-^tail ; the and 

the flonily of Myriapoda, or millepedes, are 
Gom|Hrehended in this order. I shall be obliged 
to pass over these tribes very cursorily, noticing 
only a few of the more remarkable circnmStattces 
attending their mechanical conformation. 

The Pulex is the only apterous insect that 
undeigoes complete metamorphoses in the course 
of its develf^ment. In the first stage of its 
existence, it has the form of a long worm, without 
feet, frequently rolling itself into a spiral cod; 
It consists of thirteen segments, having tufts of 
hair growing upon each. In its mature state it 
has six articulated legs, the hindmost of which 
are of great size, for the purpose of enabling the 
insect to take those piodigious leaps which 
astonish us in beings of so diminutive a size, and 
atford a striking proof of the exquisite mecha- 
nism pervading even the lowest orders of the 
atranmli^creatiion. si 

i^^e^Podmu leaps into the nir by a tnechft* 
mcsit\ contrivance of another kind ; eBq)ldyiibg 
far thikpilrpose the tail, which is very 
Ibikedtat the end; In its onflhary^^tate’^llib 
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Kigali folded under die abdomen^ where 

it is concealed in a groove. The pieces of 
which it is composed are articulated together in 
such a manner as to admit of their being rapidly 
unbent by the action of its muscles, the whole 
mechanism conspiring to produce the effect of a 
powerful spring, by which the body is propelled 
forwards to a considerable distance. In some 
species, this flexible tail has a flattened form, 
for the purpose of enabling the insect to leap 
from the surface of water, an action which it 
performs with apparently as much ease as if it 
sprung from a solid resisting plane. 

The Lepisma leaps by means of moveable 
apjxindages, placed in a double row along the 
under side of the body, and acting like springs. 
There are eight pair of these members, cor- 
responding in situation and structure to the 
false feet of the Crustacea, and, like them, ter- 
minating in jointed filaments. 

The Jnhis and the Scohpendra, which com- 
pose the family of the Myriapoda, so called from 
the immense number of their feet, undergo, to a 
certain extent, a kind of metamorphosis in the 
progress of their developement. When first 
hatched they have often no feet whatever, and 
re^mble the simpler kinds of wwms. Legs at 
length make their appearance ; but they arise in 
suGcession, and it is not until tiie later periods 
of thdr growth that these animals acquire thi^ 
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full oumpleinmt of se^meiits, with ih^r «(xom* 
fkanytng legs. The Jndm terrestris^ iae es:amfJe, 
(Fig. 143) has, at its entrance 
mto the world, only e^ht 
segments and six feet; hut 
acquires in the course of its 
developement, fifty segments and about two 
hundred feet. The anterior legs are directed 
obliquely forwards, and the rest more or le«9 
backwards. The mandibles have the form of 
small feet ; as we have seen is frequently the 
case in crustaceous animals. 



§ 2. hisecla ulula. 

OuB attention is now to be directed to the more 
highly developed Insects, which have been 
formed witli a view to progression through the 
air. On these, which compose the most exten- 
fd,ve class of the whole animal kingdom, Nature 
has lavished her choicest gifts of animal powers, 
as far as they are compatible with the diminu- 
tive scale to which she has restricted herself in 
their formation. The model she has chosen for 
their construction is that which combines the 
greatest security against injurious impressions 
frpm without, witli the most extensive powers of 
locomotion ; and which also admits of the> fullest 
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exercim facoiMe» of 

jm ch^TOCteriEtic J>f laoimal l|as 

pEoyided f<pc the first of these objects, , en- 

closing the softer organa in den^e niid h^py 
coverings, which perform the office eh jjRX- 
ternal skeleton, sustaining and protectipg, the 
viscera, and furnishing extensive surfaces , of 
attachment to the muscles, from the action of 
which all the varied movements of the system 
are derived. 

The muscular system of perfect insects is ex- 
ceedingly complex. Lyonet has described and 
delineated an immense number of muscular 
bands in the caterpillar of the Cossus, and the 
plates he has given have been copied in a .va- 
riety of books in illustration of this part of, ,the 
structure of insects. The recent work of S^ra,U8 
Durckheim affords an equally striking exain^e 
of admirable arrangement in the muscles pj^’tlte 



Mel^ontha, vulgans, or cock<diaffer, , the|, os- 
tomy of which has been minutely investigated, by 
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thdtMdfetihgiii^hbi entomolGgist: These intiscles 
ai^ i^presented in Fig. 144, Which has been 
careinfly rednced from his beantifufly execntted 
plat^. The largest mass of musculaf -fibres is 
thdt’ihaited a, which depress the wings, and 
are of Mormons size and strength. 

On examining the different structures which 
compose the solid frame-work of insects, we find 
them conforming in every instance to tlie ge- 
neral type of annulose animals, inasmuch as 
they consist of thickened portions of integu- 
ment, encircling the body ; but variously united 
and consolidated, for the manifest purpose of 
obtaining greater mechanical strength and elas- 
ticity than if they had remained detached pieces, 
joined only by membranous connexions. A long 
flexible body, such as that possessed by the My- 
ridpoda, could not easily have been transported 
through the air ; for every bend would have 
created a resistance, and have impeded its ad- 
vance flight; Hence the body of the 

insegt^^ich is to be ultimately adapted to this 
mo^ of progression, has been shortened by a 
red^^pn in the number of its segments, and 
rendet# mote simple and compact. The seg- 
ments destined to support the wings have been 
expanded for the purpose of lodging the power- 
ful muscles that are to move them ; and ren- 
d^ed 'hense and unyielding in order to ktipp^lrt 
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* ^has -feitfaitf fiiwided inifeets Trith 'tii' 

stnsnkeiiia iai^apted to different kin^ 'of - ^tenial 
Hi@y leoHSist of aiticulated' l6't^€#Sj’ Ta- 
TioiiBly combined togetl^r, aind fuming 4c^, 
ckwB^ j^itcers, oars, palpi, and, lastly, winga, 
escalated for executing every rariety erf prehen- 
sion, of progression, or whatever other action 
their wants and necessities require. 


§ 3. Developement of Insects. 

It would appear as if the final accomplishment 
of objects so numerous, so widely different, 
and so liable to mutual interference, could be at- 
tained only by the animal being subjected to a 
long series of modifications, and passing through 
many intermediate stages of developement. The 
power of flight is never conferred upon the in- 
sect in the earlier periods of its existence : for 
before its structure can obtain the lightness 
which fits it for rising in the air, and before it 
can acquire instruments capable <rf acting rqoon 
so light an element, it has to go through several 
preparatory changes, some of which are so con- 
sid^able as to justify the term of metamorphoses, 
which has been generally given to them.* But 

* Transformations quite as remarkable occur in several tribes 
of animats belong;ing to other classes : such as those of the Fr^ 
among reptiles, and of the Lemma among parasitic 
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i& tlie» sialie ^C'.peiiectioa iniev^ thing 
tlmt replies to a&imdi eKistence. Whm in- 
sect has by a slow derelopcanent reached this 
ultimate daboration df its orgam^ its lile is 
hastening to a close ; and the period of its perfect 
state is generally the shortest of its whole ex- 
istence. 

The history of the successive stages erf deve- 
lopement of insects opens a highly interesting 
field of philosophical inquiry. For a certain pe- 
riod of the early life of these animals, the growth 
of all the parts appears to proceed equably and 
uniformly : but at subsequent epochs, some parts 
acquire a great and sudden increase of size, and 
otliers diat were in a rudimental condition become 
highly developed, and constitute what appear to 
be new forms of organs, although tlieir elements 
were in existence from a much earlier period. 
The modifications which the hard^ and more 
solid structures of insects exhibit in the progress 
of these changes, are particularly remarkable, as 
illustrating the principles on which the develope- 
ment is conducted. Tire researches (rf modem 
entomologists have led to the conclusion that the 
frame-Avork, or skeleton of insects, is always 
formed by the union of a certain determinate 
number of parts, or elements, originally distinct 
from one another, but which are variously joined 
and soldered together in the progress of growth : 
frequently exhibiting a great disproportion in 
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thei ODodipuitative’ ieaEpftnfikffii : 

The cnalai'f^ent of any one part, hovt^T^ni^ 
ercises a certain influence on all the neighbour- 
ing parts, and thus are the ibp^^ions laid of 

several species , belonging to each tribe and 
family. .% ; 

In ithe ^rogrees iof developement/:|nB inay re- 
cognize two piikci^les, which, thougKmpparently 
opposite to ead» other, concur and hli^oaonize in 
their operation : these are expansion and concen- 
tration. Thus while those segments of body 
which follow the head are greatly enlarged, iti 
order to support the more recently developed 
organs of jnxigressive motion, they are also more 
eotisoUdated, and rendered stronger by the uniOki* 
of ‘several pieces which were before separate. 
The hinder segments, having no such appen- 
dages to support; are less dilated, and the Whdie 
body is much shortened by the approximation td 
the segments, which in this way compose the 
afedomeni or hinder divisidn of the insect. 

‘ The progress of the metamorphoses of inseCta 
is iMOSt strikingly displayed in the history of 1^" 
Ijepidopterem, or butterfly and moth tribei*' 

Hie tbtW perils of ttie existence of the Bomhf x or 

the inotb of alk-wena, are shown in the annexe^ tngravt*li^ 
Fjg. ar^ ej^s; jFig, 146, the Larvq^ of caterpiller; 

147, the Pi|pa, or ' chrysalis ; and Fig. 1^8, the /ma^o, dr per-. 
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^gg* wWehis de^isited 1:^ the butterfl|r» gives 
ctiterpiUavf; >aa animal,^ wiuach, in out- 



ward shape, bears not the slightest resemblance 
<j9,ijts;paPent»«r to tlie form it is itself afterwards 
U^^aasunte* It has, in fact, boUi the external 
aixpeara^ice, and the mechanical structure of a 
wprwi The same elongated cylindrjc shape, the 
S£M^, anpplar structure of the denser parts of its 
ifltegum^nt, the same arrangements of longitudi- 
fialahd oblique muscles connecting these rings, 
th^ same apparatus of short feet, with claws, or 
bristles, or tufts of hairs, for faciiitatijng pro- 
gieash® ;; to short, all the circumstances most 
chptocteristic of the vermiform type are equally 
exemphhed in the different tribes of caterpillars, 
as in the proper Annelida. 

1 Put these vermiform insects have tliis pecu- 
Ihmty, that they contain in their interior the ru- 
ditnentS of all the organs of the ^perfect itisect. 
These organs, however, are concealed froap, view 
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by a great number of membraneous coverings, 
which succe^ively invest one anoth^, like .the 
coats of an onion, and are thrown olF, one after 
another, as the internal parts are gradually de- 
veloped. These external investments, which 
hide the real form of the future animal, have 
been compared to a mask ; so that the insect, 
while wearing this disguise, has been termed 
larva, which is the Latin name for a mask. 

This operose mode of developement is ren- 
dered necessary in consequence of the greater 
compactness of the integuments of insects, as 
compared with those of the annelida. In pro- 
portion as they acquire density, they are less 
capable of being further stretched, and at length 
arrive at the limit of their possible growth. Then 
it is that they obstruct the dilatation of the in- 
ternal organs, and must be thrown off' to make 
way for the farther growth of the insect. In the 
mean time a new skin has been preparing under- 
neath, moulded on a larger model, and admitting 
of greater extension than the one which precede 
it. This new skin, at first, readily yields to *the 
distending force from within, and a new impulse 
is given to the powers of developement: until, 
becoming itself too rigid to be further stretched, 
it must, in its turn, be cast off in order to give 
place to another skin. Such is the process 
which is repeated periodically, for a great number 
of times, before the larva has attained its full size. 
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These successive peelings of the skin are but 
so many steps in preparation for a more impor- 
tant change. A time comes when the whole of 
the coverings of the body are at once cast off, 
and the insect assumes the form of a pupa, or 
chrysalis ; being wrapt as in a shroud, presenting 
no appearance of external members, and re- 
taining but feeble indications of life. In this 
condition it remains for a certain period : its in- 
ternal system continuing in secret the farther 
consolidation of the organs ; until the period 
arrives when it is qualified to emerge into the 
world, by bursting asunder the fetters which had 
confined it, and to commence a new career of 
existence. The worm, which so lately crawled 
with a slow and tedious pace along the surface 
of the ground, now ranks among the sportive 
inhabitants of air ; and expanding its newly ac- 
quired wings, launches forward into the element 
on which its powers can be freely exerted, and 
which is to waft it to the objects of its gratifica- 
tion, and to new scenes of pleasure and delight. 

Thus do the earlier stages of the developement 
of insects exhibit a recurrence of those structures 
which are found in the lowest department of this 
aeries of animals. The larva, or infantile stage 
of the life of an insect, is, in all its mechanical 
relations, a mere worm. The imago, or perfect 
state, on the other hand, exhibits strong analogies 
with the crustaceous trib^, not only in the 
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general form of the body, but also in the cOn^ctlf- 
dated texture of its organs, (especially of thpfefe 
which compose its skeleton) and in the possession 
of rigid levers, shaped into articulated linibs; 
and furnished with large and powerful muscles, 
from all which circumstances great freedom and 
extent of motion are derived. To this elaborate 
frame, nature has added wings, those refined 
instmments of a higher order of movements, 
subservient to a more expanded range of exist- 
ence, and entitling the beings on which they 
have been conferred to the most elevated rank 
among the lesser inhabitants of the globe. 

The mechanical functions of insects scarcely 
admit of being reduced to general principles, in 
consequence of the great diversity of forms, of 
habits and of actions, that is met with among the 
innumerable host of beings Miiich rank under 
this widely extended department of the animal 
creation. In these minute creatures may be 
discovered all the mechanical instruments and 
apparatus required for the execution of those 
varied motions which we witness in the larger 
animals, and which, though almost peculiar to the 
different classes of these animals, are here fre- 
quently united in the same individual. Insects 
swim, dive, creep, walk, run, leap, or fly -with as 
much facility as fishes, reptiles, quadrupeds, 
birds. But besides these, a great number hdVe 
also movements peculiar to themselves, aild' 6f 



PROGRESSIVE MOTION IN INSECTS. 309 

vhich we meet with no example in other parts 
of the animal kingdom. 

In attempting to delineate a sketch of the 
movements of insects, and of the mechanism by 
which they are performed, I am compelled, by 
the great extent of the subject, to confine myself 
to very general views ; and must refer sucli of 
my readers as are desirous of fuller information 
on this subject to the works of professed entomo- 
logists. 

The mechanical conditions of an insect in its 
several states of larva, pupa, and imago, are so 
widely different, that it will be necessary to con- 
sider each separately. In many tribes, however, 
the difference between the larva and the perfect 
insect is much less considerable than in others. 
Those belonging to the orders of Heiniptera and 
Orthoptera for example, come out of the egg 
witli nearly the same form as that which they 
have in the mature state ; excepting that they 
are witliout wings, these organs being added in 
the progress of their growth, and constituting, 
when acquired, their perfect or imago condition. 


§ 4. Aquatic Larvce. 

Many insects, which, when fully developed, are 
the most perfectly constructed for flying, are, 
vy^hen in ^e state of larvae, altogether aquatic 
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animals. Some of them are destitute of feet, or 
other external instruments of motion, swimming 
only by means of the alternate inflexions of the 
body from side to side, in the same manner as 
the Nais, and the Leech. Sometimes these 
actions are performed by abrupt strokes, girii^ 
rise to an irregular zig-zag course : this is the 
case with the larva of the gnat, and with many 
others which have no feet. In the structure’ of 
the larva of the Libellula, or dragon-fly, a sin- 
gular artifice has been resorted to for giving an 
impulse to the body, without the help of external 
members. It is that of the alternate absorption 
of water into a cavity in the hinder part of the 
body, and its sudden ejection from that cavity, so 
that the animal is impelled in a contrary direc- 
tion, upon the same principle that a rocket rises 
in the air by the reaction of that fluid. It has 
at various times been proposed to apply the 
power of steam to the production of an effect 
exactly similar to that of which Nature here pre- 
sents us with so perfect an example, for the pur- 
pose of propelling ships, instead of the ordinary 
mode of steam navigation. 

Some larvffi, such as that of the Stratiomysy 
collect a bubble of air, which they retain within 
a tuft of hair at the extremity of the tail, evi- 
dently with a view of diminishing the specific 
gravity of the body, and thus giving greater 
efficacy to the muscular actions which they 
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employ in their progre^ion throug^i the water. 
Another use is also made of these tufts of hair ; 
for by repelling the water, they allow of the 
insect’s suspending itself from the surface of the 
fluid in the manner already noticed in giving 
the history of the evolutions of the hydra.* 

The impulse given by the lateral inflexions of 
the body are in many cases assisted by short 
legs ; but the larvae of the Epheinera, though 
furnished with legs, do not use them for this pur- 
pose, and swim simply by the action of the tail. 
Those of the Dytiscm are furnished with a pair 
of very long members, projecting to a consider- 
able distance from the sides, and flattened at the 
ends, to serve as oars. Tiie larvae of the Hydro- 
philus are also admirably formed for swimming ; 
and they not only dart forwards with surprising 
velocity, but also turn in all directions with the 
utmost facility. 


§ 5. Terrestrial harvte. 

The movements of larvae that are not aquatic 
are perfectly analogous to those of the Annelida, 
which they much resemble in their outward 
form and mechanical structure. The muscles 
by which the annular segments of the body are 
moved, are exceedingly numerous, and beauti- 
* Page 179. 
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fully -arranged widi refer^ce vtoi the>tiiiati«i»l 
they are intended to effect. The 'inv«»tiga^a4 
of the structure of these minute ergans has d(Nl^ 
exercised the talents of the most skUM entotaon; 
legists, and still offers much that remains to ^>e 
explored. The researches of Lyonet, already 
alluded to, on the anatomy of the larva of t3ie 
Hamby X Cossus,* of which he has puhtished an 
elaborate description, accompanied by admir 
rable engravings, will ever remain a splendid 
monument of patience and ingenuity in over-f 
coming the difficulties which impede this kind: 
of inquiry. In the body and the limbs of thia 
caterpillar, Lyonet counted above 4000 sepan 
rate muscular bands, all arranged with the most- 
perfect symmetry, and adapted with wondCrfuf 
precision to the performance of the required 
effects. i 

In these larvae, as in the simpler forms <of 
the Annelida, progression is often accomplished 
solely by the alternate contraction and exteB-- 
sion of the annular segments, aided, in manyi 
cases, by short hairs, and frequently, also, Iby 
a slimy secretion which exudes from their 
dies. Many larvae which are destitute of feet, 
move onwards by first coiling the body into‘«a 
circle, making the head and the tail meet, and^ 
tlien springing fiHrwards by a sudden, extensitw 
of tlte back, producing an effect like the nn*. 


€(mms ligniper^. Fabriciiis. 
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bendhigi of a bow. ■'Oy'an of same 

ksndv some larvse contrive to leap *0 a^ eonsideiv 
able dktance, by the violent effort which they 
make* in tmfidding the curvatures of their bodies. 

■Softie larvae avail themselves of their jaws in 
order to fix the head, and drag the rest of the 
body towards it. In this manner do the- larvee 
of the capricorn beetles advance along the wmd^ 
ing passages which they have themselves exca^- 
voted, holding by the jaws, and dragging them- 
selves forwards. These movements are assisted 
by the resistance afforded by short tubercles 
which- project from difterent parts of the back 
and under surface of the body ; so that these 
insects adA^nce in the passage by an act similar 
to that by which a chimney-sweeper, exerting! 
the powerful pressure of his elbows, shoulderSi! 
and knees, manages to climb up a chimney. 

For the purpose of enabling insects to take 
stronger hold of the surfaces they pass over, we 
often- observe them furnished with spines, or 
hodts, which are moved by appropriate muscies, 
and they occupy different situations on the body. 
Modifications without end occur with regard to 
these and other external parts subservient, ill* 
vaiiouB degrees, to progressive motion. Every 
^ssible gradation is also seen between the short 
tnbercles already mentioned, and the more’ re-' 
gnlarly formed feet or legs. Those which aie 
regarded as spurious legs, or prolegs, as they 
have been called, occupy an intermediate place 
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b^weeaa these two extremes. They consist of 
fleshy and retractile tubercles, and are often 
very numerous; while the number of the tfue 
legs, as they are called, is limited to six. These 
last are the representatives of the legs of the 
future perfect insect; for they are attached to 
the three first segments of the thorax ; and are 
formed of those portions articulated to each 
other, corresponding to the three principal joints 
of the imago. The true legs are generally pro- 
tected by horny scales ; but the coverings of the 
prolegs are wholly membranous. The office of 
these spurious legs is merely to serve as props to 
support the body while the insect is walking, 
and to prevent its hinder part from trailing on 
the ground. They are frequently terminated by 
single or double hooks ; and also by a marginal 
coronet of recurved spines. These hooks, or 
spines, enable the insect to cling firmly to 
smooth surfaces; and also to grasp the most 
slender twig, which could not have been laid 
hold of by legs of the usual construction. 

The speed with which these larvae can ad- 
vance is regulated by many circumstances inde- 
pendently of the mere possession of legs : for 
some caterpillars move slowly, while others can 
run very nimbly. The following is the order in 
which the legs are usually moved : namely, the 
anterior and the posterior leg on the same side 
are advanced at the same moment, together with 
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the intermediate one on the other side ; and this 
takes place alternately on both sides. 

There is one tribe of caterpillars called Sur- 
veyors, or Geometers, (Fig. 148*, a) which walk 



by first fixing the fore feet, and then doubling 
the body into a vertical arch ; this action brings 
up the hind part of the caterpillar, which is fur- 
nished with prolegs, close to the head. TJie 
hind extremity being then fixed by means of 
the prolegs situated at that part, the body is 
again extended into a straight Hue ; and this 
process being repeated, the caterpillar advances 
by a succession of paces, as if it were measuring 
the distance, by converting its body into a pair 
of compasses. At the same time that they em- 
ploy this process, they further provide for their 
security by spinning a thread, which they fasten 
to different points of the ground as they go 
along. * 

Many other species of caterpillar practise the 

* The great force exerted by the muscles of many caterpil- 
lars is exemplified by their often fixing themselves to an object, 
and extending the body to a distance, as if it were a rigid 
cylinder: this attitude is shown in Fig. 148* b. 
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same art of spinning fine silken threads, which 
especially assist them in their progression over 
smooth surfaces, and also in descending from a 
height through the air. The caterpillar of the 
cabbage butterfly is tlius enabled to climb up 
and down a pane of glass, for which purpose it 
fixes the threads that it spins in a zig-zag line, 
forming so many steps of a rope ladder. The 
material of which these threads are made is a 
glutinous secretion, which, on being deposited 
on glass, adheres firmly to it, and very soon 
acquires consistence and hardness by the action 
of the air. 

Other caterpillars, which feed on trees, and 
have often occasion to descend from one branch 
to another, send out a rope made with tlie same 
material, which they can prolong indefinitely; 
and thus either suspend themselves at pleamu’e 
in the air, or let themselves down to the ground. 
They continue, while walking, to spin a thread 
as they advance, so that they can always easily 
retrace their steps, by gathering up the qlge 
tliey have left, and reascend to the height from 
which they had allowed themselves to drop. , 
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§ 6. Imago, or Perfect Insect. 

*rHE process which nature has followed in the 
developement of the structure of insects, has for 
its object the gradual hardening and consolida- 
tion of texture, and the union and concentration 
of organs : for we find that the segments which 
were at a distance from one another in the larva^ 
are approximated in the perfect insect, and 
often closely tied together by ligaments : and in 
other cases, adjoining segments cohere so as to 
form but a single piece. Thus the number of 
separate parts composing the solid fabric is con- 
siderably diminished. Other segments, again, 
fold inwardly, forming internal processes, and 
adding to the extent and complication of the 
skeleton. 

The integuments of perfect insects, being de- 
signed to be permanent structures, are thicker 
and more rigid than those of their larvae, 
and are formed of several layers, in which the 
component parts of the integuments of the larger 
animals may readily be distinguished. Their 
rigidity does not, like that of shells, arise from 
the presence of carbonate of lime ; for they con- 
tain but a small proportion of this material : and 
whatever calcareous ingredient enters into their 
composition is in the form of phosphate of lime. 
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In external appearance their texture approached 
nearer to that of horn than to any other animal 
product : yet in their chemical composition they 
differ from all the usual forms of albuminous 
matter. The substance to which they oWe their 
characteristic properties is of a very peculiar 
nature ; it has been termed Chitine by M. Odier,* 
and Entomoline by M. Lassaigne.f This sub- 
stance is found in large quantity in the wings 
and elytra of coleopterous insects. It is re- 
markable for not liquefying, as horn does, by 
the action of heat ; and accordingly the integu- 
ments of insects, even after having been sub- 
jected to a red heat, and reduced to a cinder, 
are found to retain their original form. I 

With this substance there is blended a quan- 
tity of colouring matter, which has usually a dull 
brown or black hue. But the colour of the ex- 
ternal surface is generally owing to another por- 
tion of this matter, which is spread over it like a 
varnish, and being soluble in alcohol and in 
ether, may be removed by means of these agents. 
The colours which are displayed by insects, and 

^ Annales de Chitnie, tom. 76. 

t See the work of Straus Durckheim, p. 33. 

I M, Odier had concluded from his experiments that no ni- 
trogen enters into the composition of this substance. That this 
conclusion has been too hastily adopted has been proved by Mr. 
Children, who, by pursuing another mode of analysis, found that 
the chitine of cantharides contains not less than nine or ten per 
cent of nitrogen. See Zoological Journal, i. Ill — 116. 
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which arise from the presence of this latter sub- 
stance, are often very brilliant, and, as is thc 
case with many other classes of animals, the in- 
tensity of the tints is heightened by the action of 
fight. The elytra of tropical insects display a 
gorgeous metallic lustre depending on the re- 
flexion of the prismatic colours ; and the same 
variegated hues adorn the scales of butterflies 
of those regions. 

Hair grows in various parts of the surface of 
insects. Where the integument is membranous 
and transparent, these hairs may be distinctly 
perceived to originate from enlarged roots, or 
bulbs, and to pass out through apertures in the 
skin ; as is the case with the hair of the larger 
animals. Their chemical composition, however, 
is very ditferent, for they are formed of the same 
substance as the integuments, namely entomo- 
line. The purposes served by the hairs are not 
always obvious. In many cases they seem in- 
tended to protect the integuments from the water, 
which they repel from their surfaces. They also 
tend to prevent injuiy arising from friction ; and 
are found to be more abundant in those parts, as 
the joints, which are liable to rub much against 
one another. 

The divisions of the body are frequently 
marked by deep incisions ; whence has origin- 
ated the term insect, expressive of this separation 
into sections. It is, however, a character which 
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tbey possess in common with all artici)jate4 ani- 
mals, the typical form of which consistsi, as we 
have seen, of a series of rings, or segments, 
joined endwise in the direction of a longitudjr 
nal axis. The principal portions into whi^^ 

the body is divided are 
the head, the trunk, and 
the abdomen: each of 
vhich is composed of 
several segments. I 
have here given, in il- 
lustration, the annexed 
figures, showing the 
successive portions into 
which the solid frame- 
work, or skeleton, of 
one of the beetle tribe, 
the Calosomu sycophanta,* may be separated. 
The entire insect, which presents the most per- 
fect specimen of a complete skeleton in this class 
of animals, is represented in Fig. 149 ; and the 
several detached segments, on an enlarged scale, 
in Fig. If50. The head c, as seen in the latter 
figure, may be regarded as being composed of 
three segments; the trunk, x, v, z, of three; and 
the abdomen, n, of nine. Fig. 151, is a view of 
the head separated from the trunk, and seen from 
behind, in order to show tliat its form is essen- 



Carabus sycophanta* Linn« 
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Uiid ttet ft wattles in IfeiS W!- 
'iljp^ -tftiSifiigs bf which the ttibrax con^te, and 
tb^H^hich it forms a natural sequel. ‘ ' ‘ ’ 



•' The heM contains the brain, or principal en- 
tet^ment of the nervous system, and the organs 
of sensation and of mastication. Its size, as com- 
pared with the rest of the body, varies much in 


VOL. I. 


Y 


3^ THE ^SCiMiNICAL ^F««CrpM>NS. 

insects, and is iagea^al pn>pottioiidbi;ip! 
iarg€sr thwa it is in the larva statei Its iotegiH 
meat, which, from analogy with vertebratedi ani- 
mals, has been called the $Jcull, or craniumj 
(c. Fig, 150), is usually the hardest part of the 
general crust. Although it may appear, ^ on 
superficial examination, to consist of a single un- 
divided piece, yet, on tracing its gradual foniia- 
tion, it is found to be in reality composed of a 
union of several of the segments of the larva, 
Audouin and Cams distinguish three component 
segments in the cranium of insects ; while Straus 
Durckheim considers it as formed by the con- 
solidation of no less than six segments of the 
vermiform larva. According to this theory, the 
same elements which in the thoracic segments 
are develoijed into feet, are here employed to 
form parts having other destinations. From the 
segment adjacent to the thorax the antennae, are 
supposed to be developed. The two anterior 
segments belong properly to the face; the oii^ 
giving origin to the mandibles (m;), to the 
maxillre, or proper jaws, (j), and also to the palpi 
(p) ; the oilier producing the processes calledi die 
labial palpi (l). 

The mode in which the head is connected with 
the tmnk varies much in diiferent insects. 
Sometimes it is united by a broad basis of at- 
tachment, forming a joint between the adjacent 
Surfaces : but usually it is only appended by a 
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nif^our filament, or neck^ so that the articalatiow 
is effected by ligament alone. Occasion sdly it 
is placed at the end of a long pedicle, -which 
removes it to a considerable distance from the 
tnknk. In the Mymenoptera and Diptem, the 
head moves upon a pivot, so as to admit of its 
being turned completely round. 

The trunk, or Thorax, is composed, as shown 
in the figure, of three segments, termed respect- 
ively the Prothorax (x) ; the Mesothorax (y) ; 
and the Metathorax {z).* The first of these, the 
prothorax, carries the first pair of legs ; the 
second, or mesothorax, gives origin to the 
second pair of legs, and also to the first pair of 
wings, or to the Elytra (e), as in the example 
before us ; and the third, or metathorax, sup- 
ports the third pair of legs, and the second pair of 
wings (w). These two last segments are closely 
united together, but the original distinction 
into two iwrtions is marked by a transverse line. 
Each of these three segments is divisible into an 
upper, a lower, and two lateral portions, which 

* In these denominations I have followed the nomenclature of 
Victor Audouin (Annaks des Sciences Naturelleg,tom. i. p. 119), 
ap being the simplest and the clearest : but other entomolc^ists 
have applied the same terms to different parts. The first seg- 
ladnt is termed by Straus Durckheini and other French writers, 
Corselet, Mr. Kiiby calls it the Manitrunk, and restrirta 
the term Prothorax to its upper portion. The united second an4 
third segments are the Thorax of Straus Durckheim, the Tronc 
of (ilhAbriet, and the AlUrunk of Kirby. • : • 
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are joined together at the sides of the trunk ; 
tliese again admit of further subdivision ; but for 
the names and descriptions of these smaller 
pieces I must refer the reader to works on Ento- 
mology. The parts of the thorax to which the 
wings are attached indicate the situation of the 
centre of gravity of the whole insect ; a point, 
which being in the line of the resultant of all the 
forces concerned in the great movements of the 
body, requires to be sustained by the moving 
powers under all circumstances either of action 
or repose. 

Victor Audouin, who has made extensive re- 
searches on the comparative forms of all these 
parts in a great variety of insects, appears to have 
satisfactorily established the general proposition 
that, amidst the endless diversity of forms exhi- 
bited by the skeleton of insects, they are invari- 
ably composed of the same number of elements, 
disposed in the same relative situations and order 
of arrangement : and that the only source of dif- 
ference is a variation in the proportional deve- 
lopement of these elements. He has also ob- 
served that the great expansion of one part is 
generally attended by a corresponding diminu- 
tion of others. 

The third division of the body is termed the 
Abdomen (n) ; it is composed of all the remaining 
segments, which join to form a cavity enclosing 
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the viscera subservient to nutrition, respiration, 
and reproduction. The number of these abdo- 
minal segments is very various in ditterent ge- 
nera of insects. Sometimes there appear to be 
but three or four; while, in other cases, there 
are twelve, or even a greater number. In the 
Calosomt (Fig. 150, b), the abdomen haS six 
complete, followed by three imperfect segments. 
Not being intended to carry any of the organs 
of progressive motion, they retain the form of 
simple hoops, which is the primitive type of 
the segments of annulose animals. Each seg- 
ment has a ligamentous connexion with the next, 
which is often so close, as hardly to admit of any 
motion between them; but in other instances it 
is more lax, and allows of the abdomen being 
flexible. In the former case, which is the con- 
struction in all the Colcoptera, or beetles, the 
rings have an imbricated arrangement ; that is, 
each overlaps the next, often to the extent of 
two-thirds of its breadth : so that they present a 
succession of spheroidal hoops, capable of being 
drawn out, to a certain extent, like the tubes of 
a telescope. This very artificial construction is 
manifestly designed to allow of a great variety of 
movements, determined by the position of the 
muscles they enclose: for since the surfaces 
which receive, as well as those which are re- 
ceived, are segments of spheroids, this structure 
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adMk# of 'a motion ; and •Ae iatter 

mettt raaj^ bo tjushed more or less into the oasrky 
of the former, either generally, or on one side.< i 
s Each segment, besides being separate from 
the Irest, is further divided into an upper, oat 
dorsal, and a lower, or ventral portion ; each 
portion having the form of a semicircle, or rather 
of an arch of a circle. These are connected at 
the sides by a ligamentous band, which runs the 
whole length of the abdomen. Great advantage 
resnlts from this division of the circles, allowmg 
of the upper and lower portions of the abdominal 
covering being at one time separated, and at 
another brought nearer together ; for thus the 
eavity is capable of being enlarged or contracted 
hi its dimensions, and adapted to the variable 
bulk of its contents. It is deserving of notice 
that, during the process of transformation, some 
of the abdominal segments, which are present 
in the larva, disappear entirely, or leave only 
imperfect traces of their former existences 
Sometimes the posterior segments become so 
exceedingly contracted in their diameter as tO' 
give rise to the appearance of a tail : this is 
exemplified in the Pnmrpa. 

The junction of the abdomen with the trunk 
is effected in various ways. In all the Coleoptara, 
it is united by the whole margin of its base, 
without having a narrower part : in other 
there is a visible diminution of diameter, fiarming 
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ai graeve w an t««i««»«,»a8r4lS is ^©eh« 

okaliy termed. In the Hyuaenoptem, this inci- 
sioii'is so deep as to leave only a narrow pedicle, 
like, a neck, ccmnecting these two divisions, of 
the body. In some tliis pedicle is short, in 
cithers long : in the former ease, an exceedingly 
Defined, mechanism is resorted to for effectang 
the necessary movements in a part so bulky 
ootnpared with the narrowness of tlie surface of 
attachment.* 

Insects in their perfect state have constantly 
six kgs, which are the developements of the six 
proper legs of the same animal in its larva con- 
dition : all tiie spurious legs having disappeared 
during its metamorphosis. We have seeiv that 
in the myriapoda, the result of developement is 
an, increase in the iininber both of segments and 
of legs ; the reason of which is that, being terres- 
trial animals, a lengthened form was more useful 
and accordant with their destination; but in 
wnged insects, where the object is to procure 
the means of flight, the organs require to be con- 
centrated, and all superfluous parts must be re- 
trenched and discarded from the fabric. The 
multiplication of organs, which, in the former 
cjSa^ indicated the progress of a higher develope- 
nwnt^ would in the latter have been the source 

' Ij'' 4 Y 

* For the details of this structure I must refer to writers on 
e^tBtridlogy, and in particular to Kirby and Spence’s Introduc* 
tiott to^Dnlomoiogy/' v6l. in. p, 701. 



3*8 TH£ M%CHAmCAf. FUNCTJONS. 

knperfection^ As long as the insect pemoins 
in its larva stage, its condition is analogous to 
thiEtt of the myriapode : but in the more elevated 
state of its existence, its structure is subject to 
new conditions and regulated by new laws. 

While the number of members is thus reduced, 
ample compensation is given by their increased 
activity and power, derived from their augmented 
length, and the more distinct lever-like forms of 
the pieces which compose them. 

These pieces (see Fig. 1-50) are named, from 
their supposed analogy to the divisions of the 
limbs of the higher orders of vertebrated animals, 
the haunch (h), the trochanter (t), the femur 
(p), the tibia (s), and the tarsus (r). In general 
the femur (or thigh) has nearly a horizontal, and 
the tibia (or leg) a vertical position, while the 
whole tarsus (or foot) is applied to the ground. 

The haunch (h), which is supposed to corres- 
pond to the hip bone of quadrupeds, is a broad, 
but very short truncated cone. The mode of its 
articulation with the trunk admits of greatvariety ; 
sometimes it is united by a ball and socket joint, 
as in t\i& Curculio and Cerawbyx; and it then 
has, of course, great freedom of motion ; at«ther 
times the joint is of the hinge kind, as in the 
Miiolmttha. The trochanter (t), and the fenmr 
(p)i though in reality distinct pieces, are usually 
so fiemb united as to compose only one division 
of the limh. ^The m^ulatiou of this portion 
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with the haunch is always dFected by a hinge- 
joint. Joints of this description, when formed, 
as they are in insects, by the apposition of two 
tubular pieces, are constructed in the following 
manner. One of the tubes has, at the end to be 
articulated, two tubercles, which project from 
the margin, and are applied to the adjacent end 
of the other tul>e at two opposite points of its 
circumference ; the line whicJi passes through 
tliose two points being the axis of motion. On 
the side where the flexion is intended to be 
made both tubes are deeply notched, in order to 
admit of their being bent upon one another at a 
very acute angle ; and the spacx^ lefl by these 
notches is filled up by a pliant membrane, which 
performs the oftice of a ligament. These articular 
tubercles and depressions are so adjusted to one 
another, that the joint cannot be dislocated with- 
out the fracture of some of its parts. As the 
difterent axes of motion in the successive joints 
are not coincident, but inclined at diflerent 
angles to one another, the extent of motion in 
the whole limb is very greatly increased. 
Thus in the cases where the articulation of the 
haunch with the trunk is a hinge joint, the 
ai^s of this joint and of the next are placed 
at right angles to each other; so that there 
results, from the combination of both, a capa- 
bility in the thigh of executing a circular mo- 
tion* ip a manner almost as perfect as if it had 
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this compound pnotion is the same as thet jeiur 
ployed on ship-board for the mariner’s compass 
and other instruments which require to be ,kept 
steady during the motion of; the ship. Fot. this 
purpose what are cajled gimbals are usedx 
parts of which have tw'o axes of rotation, at righi 
angles to each other, so as to enable the compass 
to take its proper horizontal position, indepen- 
dently of any inclination of the ship. 

The tiUa, or shank (s), is joined at an acute 
angle with the femur ; and is frequently either 
beset with spines, or else notched or serrated, 
The tarsus, or foot (u), is the last division of 
the limb: it is divided into several joints, 
which have been supposed to represent those 
of the toes of quadrupeds. The joints are 
generally of the hinge kind, but some are met 
with of a more rounded form, and approaching 
to that of the ball and socket. The whole 
structure is most admirably adapted to its exact 
application over all the inequalities of tlte surn 
faces on which the insect treads. But as^the 
habits and modes of life of tliis numerous clasfi 
are exceedingly diversified, so the form of thO; 
feet admits of greater variety than that of any. 
other part of the limb. > , s 

The feet of insects diverge, and spread over a 
wide surface ; thus extending the base of sup- 
port so as to ensure the stability of their hftdifB,. 
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irioi^t perfect maiiner. Wheri tlie legs ' are 
very lettg, as in the Tipuia* the body seems, 
ind^d, more to be suspended than supported by 
them ; contrary to what obtains in quadrupeds, 
where’ tile feet are more immediately underneath 
the pdints at which they are connected with tiie 
trithk. 

'The last joint of the tarsus is generally ten- 
niinated by a claw, which is sometimes single 
and sometimes double, and which contributes to 
fasten the foot, under a variety of circumstances, 
both of action and of repose. With feet thus 
armed the insect can ascend or descend the 
perpendicular sides of a rough body with the 
greatest ease ; but it is scarcely able to advance 
a single step upon glass, or other polished sur- 
faces, even when liorizontal. Tlie hooks at the 
ends of the anterior pair of feet are directed 
backwards, those of the middle pair inwards, 
and of the posterior pair forwards ; thus afford- 
irig the greatest possible security against dis- 
placement. 

Many insects are provided with cushions at 
tfie extremity of the feet, evidently for the pur- 
posiB of breaking the force of falls, and prevent- 
ing the jar which the frame would otherwise 
have to sustain. These cushions are fonned of 

* It Has been conjectured that the object ia furnishing this 
insTCt with legs of so great a length is that of enabling it t6 
bfades of grass. . 
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djensq velyeUy ttufts of hair, lining the uad^rsifle 

the tarsi, but leaving the claw uncovered ; ,aiwi 
the filaments, by insinuating themselves among 
the irregularities of the surfaces to which they 
ari&^ applied, produce a considerable degree of 
adhesion , Cushions are met with chiefly; in large 
insects which suddenly alight on the ground 
after having leaped from a considerable height : 
in the smaller species they appear to be unne- 
cessary, because the lightness of their bodies 
sufficiently secures them from any danger arising 
from falls. 

Some insects are furnished with a still more 
refined and effectual apparatus for adhesion, and 
one which even enables them to suspend them- 
selves in an inverted position from the under 
surfaces of bodies. It consists of suckers, the 
arrangement and construction of which are ex- 
ceedingly beautiful ; and of which the common 
house-fly presents us with an example. In this 
insect that part of the last joint of the tarsus 
wliich is immediately under the root of the claw» 
has two suckers appended to it by a narrow 
funnel-shaped neck, moveable by muscles in all 
directions. These suckers are shown in Fig. 
152, which represents the under side of the 
oi.Musca vomitoria, or blue-bottle fly, with the 
suckers expanded. The sucking part of the 
apparatus consists of a membrane, capable 
cpptractiou and extension, and the edges of 
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which are serrated, so as to fit them for the 
closest application to any kind of surface. In 



the Tahnnvs, or horse-fly, each foot is furnished 
with three suckers. In the Cimhex Intea, or 
yellow saw-fly, there are four, of which one is 
placed upon the under surface of each of the 
four first joints of the toes (Fig. 153 ); and all 
the six feet are provided with these suckers. 
In the J}jjtiscns mar£(iualis, suckers are fur- 
nished to the feet of the male insect only. The 
three first joints of the feet of the fore-legs of 
that insect have the form of a shield, the under 
surface of which is covered with suckers having 
long tubular necks ; there is one of these suckers 
very large, another of a smaller size, and a 
great number of others exceedingly small. A 
few of the latter kind are represented highly 
magnified in Fig. 154 . In the second pair of 
feet, the corresponding joints are proportionally 
much narrower, and are covered on their under 
surface with a multitude of very minute suckiers. 
The Acridium biguttulum, which is a speciea of 
r, has one large oval sucker, tifider 
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the last joint of the foot, immediately between 
the claws. On the under surface of the first 
joint are three pair of globular cushions, and 
another pair under the second joint. Fig. 155 
shows these parts. The cushioins aite ’fillM 
with an elastic fibrous substance ; which, 'Ih 
order to increase the elasticity of the whole 
structure, is looser in its texture towards the 
circumference. * 

The mode in which these suckers operate 
may be distinctly seen, by obseiwing M’ith a 
magnifying glass the actions of a large blue- 
bottle fly in the inside of a glass tumbler. A 
fly will, by the application of this apparatus, 
remain suspended from the ceiling for any 
length of time without the least exertion ; for 
the weight of the body pulling against the 
suckers serves but to strengthen their adhesion s 
hence we find flies preferring the ceiling to the 
floor, as a place of rest. 

Insects which, like the gnat, walk much upon' 
the surface of water, have at the ends of their feet 
a brush of fine hair, the dry points -of which 
appear to repel the fluid, and prevent the 
from being wetted. If these brushes be mbist'^ 
ened with spirit of wine, this apparent rephl^iblt 
no longer takes place; and the insect inmie- 
diately sinks and is drowned. '***>* 

■ ' - • 'PhitMb^)liTCa! 'Transartisns for p. 39*41'' ''**’*^^ 







§ 7. Aquatic Jusects, 

' ' t i 

AvyHowH maoy insects are inhabitants of water 
whiles in tlieir larva state, few continue to reside 
in that element after they have undergone all 
their metamorphoses. When they have attained 
the imago state, indeed, every part of their bo- 
dies becomes permeated by air, which forms alto- 
gether a large portion of their bulk, and gives 
to the insect, when it is immersed in water, a 
strong buoyant force. As the largest volume ot 
air is contained in the abdomen, this part is 
comparatively bghter than either the trunk or 
head ; and the natural position of the insect in 
the fluid is oblique to the horizon, the head 
being depressed, and the abdomen elevatedl. 
Any force impelling the body forwards in the 
direction of its axis tends, therefore, to make it 
also descend. The effect of this dow'uw ard force 
ig, counteracted by the sustaining pi’essureof the 
■y^ater, which is directed vertically upwards : so 
that the real operation of the force in question is 
to carry the body forwards nearly in a hori*- 
direction. 

kn insects destined to move in water, soine< 
times all the legs, but occasionally only one 
pair, are lengthened and expanded into broad 
triangular surfaces, capable of acting; as oars; 
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an4 fthese .surfiaces are further exteaded/liy the 
£idditi<»i of marginal fringes of hah?, so., dis- 
posed as to project and act upon the T^rater ewery 
time the impulse is given, but to bead da«fn 
when the leg is again drawn up, pr£^aratOFy ,to 
the succeeding stroke ; thus imitating the action 
which is called feathering an oar. The impulses 
are given with great regularity, all the feet 
striking the water at the same moment. 



Of all the coleopterous insects, the Dytiscus., 
or water-beetle (of which Fig. 150 represents 
the upper, and Fig. 157 the under side), is the 
one best constnicted for swimming : its body 
having a flattened form, very much resembhug 
a boat, narrower before than behind, and its 
surface presenting no projecting parts. The 
upper surface in particular is extremdy smooth, 
to enable it to glide under the water with. the 
least possible friction. Its centre of gravity is 
placed very near the under surface. The poste- 
rior legs, which act as powerful oars, are attached 
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to v^t'y large hauliches, for the purpose' of con- 
taining the thick muscular bands which are in- 
serted into the trochanter, and by which these 
joints are moved with great power. As the 
motion of these oars is to be performed in a 
plane nearly parallel to the axis of the body, 
the haunches are not required to be moveable : 
and accordingly they are firmly united to the 
thorax ; a structure which renders the motion of 
the other joints more regular and uniform. When 
the Dytiscus wishes to rise, it need only desist 
from all action, and abandon itself to the buoyant 
force of the fluid, which quickly carries it to the 
surface. 


The Notonecta, or w^ater-boatman (Fig. 168 ), 
is remarkable for always swimming on its back, 
a peculiarity depending on 
imO the form of its body, which is 

• WP ' semi -cylindrical, with the legs 
affixed to the flat surface ; so 
^ that, when lying on its back 

ih the fluid, the centre of gravity is below the 
ceUtre of the whole figure, or the metacentre, as 
it is termed, and the equilibrium is maintained. 
It is evident that, under these circumstances, if 
it were placed in the water with its legs under- 
most, it would unavoidably tilt over, and resume 
its usual position. Its long legs extending at 
right angles to the body, present a striking to- 
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semblance to the oars of a boat ; and they act, 
indeed, in the same manner, and on the same 
principles. 


§ 8. Progressive Motion of Insects on Land. 

The actions of the limbs of insects in walking 
are quite different from what they are in swim- 
ming, and are very similar to tliose of the cater- 
pillar, in which we have seen that the motions of 
the anterior and posterior legs on one side are 
combined with that of the middle one on the 
other side ; and the two sets of legs are moved 
alternately. In consequence of their relative 
portions with the trunk, the anterior legs are 
advanced by the extension, and the posterior 
legs by the flexion of the corresponding joints. 
When the feet have fixed themselves on the 
ground, the contrary actions take place, and the 
body is brought forwards. During this period 
the legs which compose the other set are called 
into play, and are advanced; and the same 
succession of actions takes place with these as 
with the former. This can easily be seen when 
the insect walks very leisurely ; but in a more 
quickened pace, the succession of actions is too 
rapid to be followed by the eye. 

The action of leaping is perfonned by the 
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sudden extension of all the joints of the limb, 
which are previously folded as close as possible. 
The joints principally concerned in this action, 
are those of the thigh and tibia, as they furnish 
the longest and most pou'erful levers. Prepara- 
tory to the effort, the tibia is brought down as 
close as possible to the ground, by bending it 
over the tarsus ; and the thigh also is bent upon 
the tibia, so as to form with it a very acute 
angle. In order to enable it to take this posi- 
tion with most advantage, we find in many of 
the Coleoptera, that the thigh has a longitudinal 
groove for the reception of the tibia, with a row 
of spines on each side of the groove. While the 
limb is in this bent position, the extensor muscles 
are violently exerted, and by producing a sudden 
unbending of this apparatus of folded springs, 
they project the whole body, by the accumu- 
lated impulse, to a considerable height in the 
air. The leaps of insects being generally for- 
wards, all the legs do not participate equally in 
the effect; for the fore legs contribute much 
less to it than the hind legs, and are more useful 
in modifying the direction of the leap, than in 
adding to its force. The power of leaping is 
derived principally from the great size and 
strength of the extensor muscles of the legs, 
which, being contained within the femur, neces- 
sarily swell that division of the limb to an 
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unusual thickness; and in order to procure 
sufficient velocity of action, both the femur and 
tibia are much elongated. Thus the locust, which 
is so constructed, leaps with ease to a distance 
two hundred times the length of its own body. 
We may in general, indeed, infer the particular 
kind of progressive motion for which the insect 
is intended by observing the comparative length 
of the different pairs of legs.- When they are 
of equal size, the pace is uniform: — swiftest in 
those that have the longest legs,— slowest when 
they are short. When the anterior legs are 
much longer than the posteiior, the power of 
prehension may be increased, but that of pro- 
gression is impeded. The great prolongation of 
the posterior legs is generally accompanied by 
the power of jumping, unless, indeed, they are 
at the same time much bent, for such curvature 
disqualifies them from acting advantageously as 
levers. 

Many insects have the extremity of the tibia 
armed with a coronet of spines, which assist in 
fixing this point against the plane from which 
they intend to spring, and which give to the 
limb a steady fulcrum. The Cicada spumaria 
has been known to leap to a distance of five or 
six feet ; which is two hundred and fifty times 
its own length: this, if the same proportions 
were observed, is equivalent to a man of ordinary 
stature vaulting through the air the length of a 
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quarter of a mile. When the same insect is laid 
on glass, on which the spines cannot fasten, it is 
unable to leap farther than six inches.* 

The insects belonging to the genus Elutei' 
are provided with a peculiar mechanism for the 
special purpose of accomplishing a singular 
mode of leaping, independently of any action 
of the legs. The legs of this insect are so short, 
that when it is laid on its back, it cannot turn 
itself, being unable to reach with its feet the 
plane on which it is lying, and procure a fulcrum 
for the action of its muscles. It is apparently 
with the design of remedying this inconvenience, 
that nature has bestowed on this tribe of insects 
the faculty of springing into the air, and making 
a somerset, so as to light upon the feet ; an effect 
which is accomplished by an exceedingly curious 
mechanism. The prothorax is prolonged beyond 
the length it usually has in other coleoptera, and 
it is articulated with the mesothorax on the dorsal 
side by two lateral tubercles, which form a hinge 
joint, limiting its motions to a vertical plane. 
The sternum, or pectoral portion of the prothorax 
is also extended backwards, and terminates in 
an elastic spine, which is received into a cavity 
in the mesothorax, and which, while the insect 
is lying on its back, with the prothorax bent 
upon the mesothorax, recoils with the force of 


* Dc Geer, III. 178, quoted by Kirby and Spence, 
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4 spring, and communicates to the body an 
impulse which carries it upwards to a consi- 
derable height. If the elater should fail in its 
first attempts to recover its feet, it repeats its 
leaps tiU it succeeds. We find no example of a 
similar structure in any other part of the animal 
kingdom. 

The express adaptation of structure to the 
mode of life designed for each species of insect 
is nowhere more strongly marked than in those 
which are intended to burrow in the earth : and of 
these the Gt-yllo-talpa, or mole cricket, presents 
a remarkable example. A minute account of the 
anatomy of tliis insect has been given by Dr. 
Kidd,* from which it appears that being d€»- 
tined, like the mole, to live beneath the surface 
of the earth, and to excavate for itself a passage 
through the soil, it is furnished with limbs pe- 
culiarly calculated for burrowing, with a skin 
which, being covered with a fine down, effec- 
tually prevents the adhesion of the moist earth 
through which it moves ; and with a form of 
body enabling it to penetrate with least resist- 
ance the opposing medium. By being en- 
dowed with the power of moving as easily in a 
backward as in a forward direction, it is enabled 
quickly to retreat in the narrow channel it has 
excavated : and as a safeguard in these retro- 


Phil. Trans, for 1825, p. 203. 
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g^de movements, it is provided with a pair of 
posterior appendages, which are supplied with 
large nerves, and may be regarded as serving 
the purpose of caudal antennae. 

The fore-legs, (one of which is represented in 
Fig. 158*) are the burrowing implements, and 

they are admirably cal- 
culated for their pecu- 
liar office, both in the 
shape and in the mode 
of articulation of their 
several divisions, which bear a considerable ana- 
logy to the corresponding member of the mole. 
Dr. Kidd observes, that, compared with the 
other legs, and with the general size of the 
animal, they are as if the brawny hand and 
arm of a robust dwarf were set on the body of 
a delicate infant ; and the indications of strength 
which their structure manifests, fully answer to 
their extraordinary size. For a more particular 
description of the mechanism of this instrument 
I must refer the reader to the paper above 
quoted. 
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If fthe excellence of a mechanic art be mea* * 
sured by the difficulties to be surmounted in the> 
attainment of its object, none surely would rank 
high» than that which has accomplished the 
flight of a living animal. No human skill has 
yet contrived the construction of an automaton, 
capable, by the operation of an internal force, of 
sustaining itself in the air, in opposition to gra- 
vity, for even a few minutes; and far less of 
performing in that element the evolutions which ■ 
we daily witness even in the lowest of the insect 
tribes. To tlie ultimate attainment of this fe- 
culty it would appear that all the transforinaft 
tions they undei^o in external appearance, and 
all the developmnents of their internal men 
chanism, are expressly directed. Wings am 
added to tlie frame only in the last stage of: its 
completion ; after it has disencumbered itself of 
every ponderous material that could be spared^ 
after it has been condensed into a small com- 
pass, and after it has been perforated in all 
directions by air-tubes, giving lightness and 
buoyancy to every part. Curiously folded up; 
in the pupa, the wings there attain their full 
dimensions, ready to expand whatever the bam 
dages that surround them am removed. Noj 
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sooner is the insect emancipated from its con- 
finement, than these organs, which are com- 
posed of duplicatures of a dense, but exceedingly 
fine membrane, identical in its composition with 
the general integuments, begin to separate from 
the sides of the body, and to unfold all their 
parts. Their moisture rapidly evaporates, leav- 
ing the delicate film dry and firm, so as to be 
ready for immediate action. The fibres, or 
iiervures, as they are called, form a delicate 
net-work, for the sup^wrt of this fine membrane, 
like the frame of the arms of a windmill, which 
supports the canvass spread over them. The 
microscope shows that these fibres are tubular, 
and contain air ; a structure the most effectual 
for conjoining lightness with strength ; and many 
entomologists are of opinion that the insect has 
the power, during the act of flying, of directing 
air into the nervures, so as to dilate them to the 
utmost, and render them quite tense and rigid. 

In the great majority of insects the wings are 
four in number ; of which the first pair are, as 
we have seen, affixed to the mesothorax, and the 
second to the metathorax. These two segments 
of the thorax, composing what has been termed 
the alitrunk, constitute the most solid portion of 
the skeleton, and are frequently strengthened by 
ridges, and other mechanical contrivances for 
support. The superior extremities of these sup- 
ports, which have been compared to the clavicles. 
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or iurcular bones of birds, are always curved in- 
wards. This part of the trunk requires to be 
alternately dilated and contracted during flight, 
and hence the several pieces of which its dorsal 
portion is composed are loosely connected to- 
gether by ligaments.* 

The shape of the wings is more or less trian- 
gular. They are moved by numerous muscles, 
which occupy a large space in the interior of 
the trunk, and consist of various kinds of 
flexors, extensors, retractors, levators, and de- 
pressors ; the whole forming a very complicated 
assemblage of moving powers. The largest, 
and consequently most powerful of these muscles, 
are those which depress, or bring down the 
wings. They form a large mass, marked a in 
Fig. 144. All these muscles exert great force in 
their contractions, which are capable of being 
renewed in very rapid succession: for, indeed, 
unless they had this power, even so light a 
body as that of an insect could not have been 
sustained for a moment in so rare a medium as 
the atmospliere, far less raised to any height by 
its resistance. 

The simple ascent and descent of the wings 
would be sufficient, without any other movement 
being imparted to them, to carry forwards the 

* See Chabrier’s “ Essai sur le Vol des Iiisectes,” Memoires 
dtt’ d’Histoire Natnrelle; vi. 41(1, vii. 297, aud vifi. ^ 

and 349. See also Zoological Journal ; i. 391. 
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body of the insect in the air. The action in 
which the muscles exert the greatest force is in 
striking the air during the descent of the wing • 
an impulse in the opposite direction being the 
result of the reaction of the air. The axis of 
motion of the wings is a line inclined at a small 
angle to the axis of the body, and directed from 
before backwards, outwards, and downwards ; 
and they move in a plane, which is not vertical, 
but inclined forwards. The angle which the 
plane of the wing forms witii the horizon varies 
continually in the different positions of the wing, 
but the general resultant of all these successive 
impulses is a force directed forwards and 
upwards ; the first part of this force produces 
the horizontal progression of the insect, while 
the second operates in counteracting the force 
of gravity, and during the advance of the in- 
sect, either maintains it at the same height, or 
enables it to ascend. 

When the insect wishes to turn, or to pursue 
an oblique course, it effects its purpose very 
eawly by striking the air with more force on one 
side than on the other ; or, by employing certain 
muscles which bend the body to one side, it 
shifts the situation of the centre of gravity, so 
that the reaction of the air on the wings is 
exerted in a different direction to what it was 
before ; and the motion of the body is modifiied 
accordingly. 
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By, exerting a force with the wings just Stuffi- 
eient to balance that of gravity, insects can 
poise themselves in the air, and hover ibr a 
length of time over the same spot, without rising 
or falling, advancing or retreating ; and the body 
may, all the while, be kept either in the horizon- 
tal, or in the erect position. In the latter case 
the motions are similar to those which take place 
in ordinary flying, only they are more feebly 
exerted, since all that is required is to sustain 
the weight of the body without urging it to a 
greater speed. Libellulfe, Sphinxes, and a great 
number of Diptera, exhibit this kind of action : 
among the latter the Stratiowys is most remark- 
able for its power of remaining long in the same 
fixed position. 

The number, form, and structure of the wings 
have furnished entomologists with very conve- 
nient characters for their classification : on these 
are founded the orders of the Coleoptera, Orthop- 
tera, Rhipiptera, Hcmiptera, Neuroptera, Hyvie- 
nopiera, Diptera, and Lepidopteru. To enter 
into any detail in a field of such vast extent as is 
presented by the infinitely diversified mechanism 
of the insect creation, would, it is obvious, far 
exceed the proper limits of this treatise. I must 
therefore confine myself to a few leading points 
in their structure and modes of progression. 

In the Coleoptera, an order which comprehends 
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by far the largest number of genera of insects, 
the lower pair of wings (w, Fig. 150, p. 321) 
are light and membranous, and of a texture 
exfceedingly fine and delicate. They are of great 
extent compared with the size of the body, when 
fully expanded : and are curiously folded when 
not in use. For the protection of these delicate 
organs, the parts which correspond to the upper 
pair of wings of other insects, are here converted 
into thick opaque, and hard jdates (e), adapted 
to cover the folded membranous wings when the 
insect is not flying, and thus securing them from 
injurious impressions to which they might other- 
wise be exposed from heat, moisture, or the 
Contact of external bodies. These wing cases, 
or elytra as they are termed, are never themselves 
employed as wings, but remain raised and motion- 
less during the flight of the insect. They pro- 
bably, however, contribute to direct the course 
of flight, by variously modifying the resistance 
of the air.* 

In the Orthoptera, (Fig. 159), the coverings of 
the wings, or tegmina, instead of being of a 
horny texture, are soft and flexible, or semi- 
membranous. The wings themselves, being 


• The Elytra of insects have been regarded by Oken a» cor- 
responding to the bivalve shells of the Mollusca, a notion wliicli 
seems to be founded upon a fanciful and strained analogy. 
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broader than their coverings, are, when not in 
use, folded longitudinally, like a fen. 

In the new Order of Rhipiptera of Latreille,* 
which includes only two genera, the tegmina are 


160 159 



anomalous both in their situation and shape ; 
being fixed at the base of the anterior legs, very 
long and narrow, and apparently incapable of 
protecting the wings. The wings themselves are 
of ample extent, forming, when expanded, a 
quadrant of a circle, with five or six nervures 
radiating from their base, and folded longitu- 
dinally. 

In the Hemiptera, the tegmina, or as they 
are here called, the hemi-elytra, are coriaceous 
towards their base, but membraneous towards 

* The Strepsiptera of Kirby. See Transactions of the Lin- 
neean Society, XI. 86. 
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their extremity, and the true wings are folded 
transversely, so as to cross one another. These 
hemi-elytra are employed to strike the air in 
flight, and their movements accompany those of 
the wings. 

Insects having four thin membranous and 
transparent wings are arranged under turn orders ; 
namely, the Neuroptera (Fig. 100), in which the 
lesser nervures form an interlacement of fibres, 
crossing one another nearly at right angles, like 
net-work, or lace : and the Hymenoptera (Fig. 
161), in Mdiich they are disposed like the rami- 
fications of arteries or veins, diverging at acute 
angles from the main trunks. The insects be- 
longing to these two orders enjoy extensive powers 
of flight. Lihellulce, and ^schna;, which are in- 
cluded in the first of these orders, never close their 
wings, but, when they are not flying, keep them 
constantly expanded, and ready for instant action. 
They fly with the greatest ease in all directions, 
sideways, or backwards, as well as forwards, and 
can instantly change their course without being 
obliged to turn their bodies. Hence they possess 
great advantages both in chasing other insects, 
and in evading the pursuit of birds, liees, which 
are hymcnopterous insects, have often been ob- 
served to fly to great distances from their hive 
in search of food. The humble bee adopts a 
very peculiar mode of flight, describing, in its 
aerial course, segments of circles, alternately to 



352 


THE HECHANIEAL FUNCTIONS. 


the right and to the left. The Telo«4tJ» = #ith 
which these insects move through the air ih 
general much exceeds that of a bird, if estimated 
with reference to the comparative size of th^h 
animals.* 

* I have been favoured by Mr. George Newport with the fol- 
lowing account of the structure of the sting of the Wild Bee, 
{Anthophora return, Kirby) which he has lately carefully exa- 
mined, and from whose drawings of the dissected parts the 
annexed figures (163) have been engraved. The sting of the 
bee, A, is formed of two portions placed laterally together, but 
capable of being separated. The point, p, is directed a little 

upwards, and is a little curved : 
the barbs, seen still more higlily 
magnified at q, are about six in 
number, and are placed on the 
under surface, and their poitits 
directed backwards. At the 
base of the sting, e, there is 
a semicircular dilatatiou appa- 
rently intended to prevent the 
instrument from l)eing thrust 
too far out of the sheath (seeri 
separately at v), in which it 
moves: it has also a long ten- 
don to which the muscles arc 
attached. It is between these 
plates, when approximated, that 
the poison flows from the orifice 
of the somewhat dilated extre- 
mity of the poison duct, n, 
which comes from the anterior 
part of the poison bag, b. This 
bag is of an oval shape, and 
is not the organ which secretes 
the poison, but merely a receptacle for containing it: for it is 
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if Although the greater number of insects have 
(four wings, there are many, such as the common 
ffadase Hy, and the gnat, which have only two. 
These compose the order Diptera (Fig. 102). 
In these insects we meet with two organs, con- 
sisting of cylindrical filaments, terminated in a 
clubbed extremity ; one arising from each side 
of the thorax (as seen in the above figure), iti 
the situation in which the second pair of wings 
originate in those insects that have four wings. 
They are named tlic Uallercs, or j)oisers, from 
their supposed use in balancing the body, or 
adjusting with exactness the centre of gravity 
when the insect is flying. WhaUwer may be 
their real utility, they may still be regarded as 
rudiments of a second pair of wings ; and they 
alFord, therefore, when tints viewed, a striking 
instance of the operation of the tendency whicdi 

conveyed into this bladder by means of a long convoluted 
vessel, c, which receives it from the secreting organs, s. These 
organs consist of two somewhat dilated vessels resembling catca, 
but which have each a slender secretory vessel extending 
from them. The sting moves in a tubular sheath, V ; which is 
open at its base, and along its upper surface, as far as the jiart 
where the sting is prevented from being thrust out any fartlier. 
The muscles vvhic*h move the sheath are distinct from those of 
the stiug, and ai'e attached to an elongated and curved part on 
each side of its base, and to an arched and moveable part which 
is apparently articulated with it. Swammerdam has delineated 
these parts as emea in his dissection of the common hive bee, but 
h‘d^ not noticed the secretory vessels. The sting of the hive bee 
resembles that of the Anthophora retusa'' 

VOL. I. A A 
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prevails universally in the animal kingdom, and 
modifies the structure of each individual part 
so as to preserve its conformity to one general 
type. 

The innumerable tribes of butterflies, sphinxes, 
and moths, are all comprehended in the order 
Lepidnptera, and are distinguished by having 
wings covered with minute plumes, or scales. 
These scales are attached so slightly to the 
membrane of the w'ing as to come off when 
touched with the fingers, to which they adhere 
like fine dust. When examined with the mi- 
croscope, their construction and arrangement 
appear to be exceedingly beautiful, being 
marked with parallel and equidistant striae, 
often crossed by still finer lines, the distinct 
visibility of which in many kinds of scales, as 
those of Pontia hrassica, or cabbage butterfly, 
and the 3Iorpho Menelaus of America, consti- 
tutes a good criterion of the excellence of the 
instrument. The beautiful colours which these 
scales possess may perhaps generally be owing 
to the presence of some colouring material : but 
the more delicate hues are probably the result 
of the optical effect of the striae on the surface ; 
and in some cases they result from the thin- 
ness of the transparent plate of which they con- 
sist; for I have observed in several detached 
scales that the colours they exhibit by trans- 
mitted light are the complementary colours to 
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those which they display when seen by reflected 
light. 

The forms of these scales are exceedingly di- 
versified, not only in diflercnt species, but also 
in difierent parts of the wings and body of the 
same insect ; for the surface of the body, gene- 
rally, as well as the limbs, and even in some spe- 
cies the antennae are more or less covered 
with these scales.* Fig. 104 exhibits some of 



the more usual shapes as they appear when 
viewed with high magnifying powers. 

Each scale is inserted into the membrane of 
the wing by a short pedicle, or root, and over- 

* III the posthumous work of Lyonet, which has lately ap- 
peared, nearly the whole of six quarto plates are crowded with 
the delineations of the different forms of the scales found in the 
Bomhyx Cossus. 
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laps adjoining scales: and the whole are 
disposed in rows with more or less regularity ; 
one row covering the next, like tiles on the 
roof of a house.* This imbricated arrangement, 
together with the marks that are left on the 
membrane of the wing where the scales have 
been rubbed off, are shown in Fig. 165, which 
is a faithful delineation of Uie appearance of tlie 
wing of the Hesperia Sloanus, seen through a 
powerful microscope. The membrane of the 
wing itself, when stripped of its scales, is as 
perfectly transparent as that of the bee, and 
is, in like manner, supported by diverging 
nervures. Many butterflies exhibit in some 
parts of the wing smooth pearly spots, called 
by entomologists, ocelli, or eyes, which arise 
from those parts being naturally destitute of 
scales. The number of these scales necessary 
to cover the surface of the wings must, from 
their minuteness, be exceedingly great. The 
moth of the silk worm {Hombyx mori. Fig. 
148), which has but a small wing, contains, 
according to Lewenhoeck, more than two hun- 
dred thousand of these scales in each wdng. 

These scales doubtless contribute to the pro- 
tection of the wing ; but they at the same time 

* The scales on the wing of the Lepisma are of two kinds ; 
one «et being arranged in rows, as usual, and the others, which 
are of a different shape, beings inserted between and over the 
former, so as to fasten each firmly in its place. 
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add considerably to their weight, and impede 
the Telocity of their action. This inconvenience 
appears to have been in a great measure com- 
pensated by the greater size of the wings, and by 
the extent of the surface with which they strike 
the air. Still, however, it is sufficiently obvious 
that insects of this order fly with less ntpidity 
and steadiness than most others. But this un- 
steadiness, again, is turned to good account; for 
the butterfly, by its irregular and fipparcntly 
capricious movements, alternately dipping and 
rising in the air, so as to describe a series of zig- 
zag lines, more easily eludes capture when pur- 
sued, not only by naturalists, but also by birds 
that are eagerly seeking to secure them. It is 
astonishing to what a distance the silk worm 
moths will fly : some have been knowm to travel 
more than a hundred miles in a short time. The 
Papi/io Iris often rises to so great a height in 
the air as to be quite invisible. 

A mechanical contrivance is adopted in many 
of the Lepidoptera for keeping their wings 
steady during flight, consisting of a hook 
covered with hair and scales, attached to the 
under side of the upper wings near their base, 
and connected also by means of bristles to the 
base of the lower wing: by this attachment all 
the wings are locked together and brought into 
action at the same time. Insects of the Sphinx 
tribe are also provided with a kind of rudder 
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formed by the expansion of the tail, enabling 
them to steer their course with more certainty. 
The Lepidoptera in general fly with the body 
nearly upright, contrary to the habits of most 
other winged insects, whose bodies, while flying, 
are nearly in a horizontal position. 

The feats of agility and strength exhibited by 
insects have often been the theme of admiration 
with writers on natural history ; and have been 
considered as affording incontrovertible proofs of 
the enormous power with which their muscles 
must be endowed. We have already had occa- 
sion to notice a remarkable instance of the force 
and permanence of muscular contraction in those 
caterpillars which frequently remain for hours 
together in a fixed attitude, with their bodies 
extended from a twig, to which they cling by 
their hind feet alone.* Ants will carry loads 
which are forty or fifty times heavier than their 
own bodies: and the distances to which many 
species, such as the Elnler, the Locust, the 
Lepisma, and above all the Pulex, arc capable 
of leaping, compared with the size of the insects 
themselves, appear still more astonishing, Lin- 
naeus has computed that the MeMontha, or 
chaffer, is, in proportion to its bulk, more than six 
times stronger than the horse ; and has asserted 
that if the same proportional strength as is pos- 


Se« Fig. 148*, i>. 315. 
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sessed by the Lvx^mms, or stag-beetle, liad been 
given to the elephant, that animal would have 
been capable of tearing up by the roots tlie 
largest trees, and of hurling huge rocks against 
his assailants, like the giants of ancient mytho- 
logy- 

But while we must admit that all these facts 
indicate a remarkable degree of energy in the 
eontractile power of the muscular fibres of in- 
sects, we should at the same time recollect that 
the diminutive size of the beings which display 
those powers is itself the source of a mechani- 
cal advantage not possessed by larger animals. 
The efficacy of all mechanical arrangements 
must ultimately depend on a due proportion be- 
tween the moving and the resisting forces : hence 
mechanism of every kind must be adjusted with 
reference not merely to the relative, but to the 
absolute dimensions of the structures themselves. 
This will be evident when we consider that the 
forces which are called into action are resisted 
by the cohesion of the particles composing the 
solid parts of the machine : and this cohesion, 
being not a variable, but a constant and definite 
force, must necessarily limit the dimensions of 
every mechanical structure, whether intended 
for stability or for action. An edifice raised 
beyond a certain magnitude, will not support 
itself, because the weight of the materials in- 
creases more rapidly than the strength. How 
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often has it been found that a machine which 
works admirably in a small model, will totally 
fail in its performance when constructed on a 
larger scale ? Any lever, of whatever form, may 
be increased in its dimensions until the force of 
gravity becomes superior to the cohesion of its 
own particles : and consequently any structure, 
like a vegetable or animal body, composed of a 
combination of levers, would, if its size were to 
exceed a certain limit, fall to pieces merely by 
its own weight. This can be prevented either 
by employing materials of greater cohesive 
strength, or by increasing, at the points wliere 
the strains are greatest, the thickness of the 
parts compared with their length: but the 
choice of materials is necessarily restricted within 
narrow limits, and the latter expedient would 
entirely alter the relative proportions of the 
parts, and would require a complete change 
in the plan of their construction. In passing 
from the smaller to the larger animals, we find, 
accordingly, that new models are adopted, a 
new order of architecture introduced, and new 
laws of developernent observed. We have, 
next, then, to direct our attention to the pro- 
cedure of nature in the execution of this more 
enlarged and comprehensive scheme of animal 
organization. 
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VEliTEBRATA. 

§ 1. Vertebraled Animals in general. 

If it be pleasing to trace the footsteps of nature 
in constructions so infinitely varied as those of 
the lower animals, and to follow the gradations 
of ascent from the zoophyte to the winged in- 
sect, which exhibits the greatest perfection com- 
patible with the restricted dimensions of that 
class of beings, still more interesting must be tlie 
study of those more elaborate efl'orts of creative 
power which are displayed on a wider field in the 
higher orders of the animal kingdom. In the 
various tribes of beings w hich are now to come 
before us, we find nature i)roceeding to display 
more refined devclopements in her system of or- 
ganization, resorting to new models of structure 
on a scale of greater magnitude than before, de- 
vising new plans of economy, calculated for more 
extended periods of duration, anjl adopting new 
arrangements of organs, fitted for the exercise of 
a higher order of faculties. The result of these 
more elaborate constructions is seen in |he vast 
series of Verlebrated Animalsy which comprises 
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a well-marked division of Zoology, comprehend- 
ing all the larger species that exist on the globe, 
in whatever climate or element they may be 
found; and including man himself, placed, as he 
unquestionably is, at the summit of the scale ; — 
the undisputed Lord of the Creation. 

A remarkable affinity of structure prevails 
throughout tlie whole of this extensive assem- 
blage of beings. Whatever may be the size or 
external form of these animals, whatever the 
activity or sluggishness of their movements, 
whether they be inhabitants of the land, the 
waters, or the air, a striking similitude may be 
traced both in the disposition of their vital organs, 
and in the construction of the solid frame -work, 
or skeleton, which sustains and protects their 
fabric. The quadruped, the bird, the tortoise, 
the serpent, and the fish, however they may 
differ in subordinate details of organization, are 
yet constructed upon one uniform principle, and 
appear like varied copies from the same original 
model. In no instance do they present struc- 
tures which are altogether isolated, or can be 
regarded as the results of separate and inde- 
pendent formations. 

In proceeding from the contemplation of the 
structures of articulated to those of vertebrated 
animals, we appear to pass by a rapid excur- 
sive flight, from one great continent to ano- 
ther, separated by an immense gulf, contain- 
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ing no intermediate islands from which we 
might gather indications of these tracts of land 
having been originally connected. At the very 
first sight indeed, the general fabrics of these 
two descriptions of animals appear to have been 
constructed upon opposite principles ; for in tin; 
one, as we have already seen, the softer parts are 
internal, and are enclosed in a solid crust, or 
shell, or horny covering, answering at once the 
purposes of protection and mechanical support, 
and furnishing extensive surfaces for the attac;h- 
ment of the organs of motion. But in the Verte- 
brata, the solid frame work vdiich serves these 
purposes occupies, for the most part, an internal 
situation, constituting a true jointed skeleton, 
which is surrounded by the softer organs, and to 
which the muscles, destined to move their several 
parts, are attached. The office of external de- 
fence is entrusted solely to the integuments, and 
their different appendages. Such is the general 
character of the arrangements which nature has 
here adopted ; from which, however, she has oc- 
casionally deviated with respect to some import- 
ant organs of extremely delicate texture, and 
which require to be shielded from the slightest 
pressure. This occurs with regard to the brain, 
and the spinal marrow, which we sliall pre- 
sently find are specially guarded by a bony 
structure, enclosing them on every side, and 
forming an impenetrable case for their pro- 
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tection. The solid mass of bone, thus provided 
to<<iefend the brain, gives also the opportunity 
of lodging safely the delicate apparatus subser- 
vient to the finer senses, namely, those of sight, 
of hearing, and of smell. The security which 
these organs derive from this protection allows 
of their being carried to a higher degree of im- 
provement than could be attained in the lower 
orders. 

There is also another advantage, of consider- 
able moment, which results from the internal 
situation of the skeleton, namely, that it admits 
of an indefinite extension by growth, without in- 
terfering with the corresponding enlargement of 
the softer organs ; for we have seen that in all the 
instances in which this arrangement is reversed, 
that is, whenever the enclosing surfaces become 
solid, and can no longer yield to the dilatation of 
the contained organs, no alternative remains but 
that of breaking up the exterior case, and wholly 
casting it off, to make room for the farther 
growth of the animal ; after which operation, it 
has to be replaced by another covering of larger 
dimensions. This operation is generally re- 
quired to be performed a great number of times, 
before the animal can acquire the size it >i» 
destined to attain. Hence the perpetual moult- 
iugs of the caterpillar; hence the repeated 
castings of the shells of the Crustacea; and 
hence also the successive metamorphoses of the 
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insect; Nothing of this kind takes place among 
the Vertebrata; where all the organs are deve- 
loped in regular and harmonious succession, 
without the slightest mutual interference, and 
without those vicissitudes of action and of tor- 
pidity, which we witness in the che<juered ex- 
istence of the insect. 


§ 2. Slmclurc and Composition of the 
Osseous Fabric. 

The process employed for the formation and ex- 
tension of the solid frame work of the W rtc- 
brata differs totally from that whi(“h we huv(' 
seen exemplified in the growtli of shells, or of 
the hard coverings of insects and of crustaceons 
animals. These latter structures, and the modes 
adopted for their increase, are suited only (o 
animals in which the functions of the economy 
have not reached that perfection to which they 
are carried in the higher classes. In the more 
elaborate system of the vertebrata, the skeleton 
is composed of true bones ; that is, of solid pieces, 
which, although they are dense calcareous struc- 
tures, yet continue organized during the whole 
period of developement, and form as much a 
part of the living system as any other organ of 
the body. We have formerly seen that the 
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membrane, in which the calcareous matter of 
the shell is deposited, should properly be classed 
among the integuments; being analogous to 
them not only in being situated externally, but 
also in their structme and in their function. It 
is not so with bone, which is essentially an 
internal structure.* 

In their chemical composition, likewise, bones 
are strikingly contrasted with the calcareous 
products of the Mollusca : for in the former, the 
earthy portion consists almost wholly of phos- 
phate of lime : a material which appears to have 


* De Blainville regards the bard coverings of insects, together 
with the shells of the Crustacea, as structures derived altogether 
from the integuments, and as perfectly analogous, in this respect, 
to the scales, hoofs, or other horny productions of the skin in 
vertebrated animals. Geoffrey St. Hilaire contends, on the con- 
trary, that the former constitute the true skeleton of the lower 
classes, and that a perfect analogy may be traced between the 
rings, which are the essential constituents of the frame-work of 
annulosc animals, and the vertebra?, which enclose the spinal 
cord of the higher classes. Professor Carus appears, in his 
system of organic formations, to have kept in view both these 
analogies ; giving to the former class of structures the denomina- 
tion of Dermo-skcleton, and to the latter that of Neuro-skeleton 
(See his Tabulm Anatomiara Comparativam illustrantes, edited 
by Thienemann). Analogies have also been imagined to exist 
between the external and internal situations of the woody fibres 
of plants belonging respectively to the endogenous and exoge- 
nous classes, and that of the corresponding relative situations of 
the skeletons of in vertebra ted and vertebrated animals. (See a 
Memoir by Dumortier, in the Nova Acta Physico-Medica Acad. 
Cmsar. Leopold. Carolina Natur. Curios. XVI., 219). 
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been selected for this puqiose from its forming 
much harder compounds with animal membrane 
than the carbonate. Wherever great strength 
and rigidity are required, this is the material 
depended on for imparting these qualities ; and 
it has accordingly been employed for the osseous 
structures, which are among the most elaborate 
results of organization. The densest and hardest 
of these structures are those in whi(;h the pro- 
portion of phosphate of lime is the greatest, 
when compared with that of the animal sub- 
stance which cements them together ; the force 
of mutual cohesion among its own particles 
being much greater than that imparted by the 
cementing ingredient. The internal bony por- 
tions of the ear, where, in order perfectly to 
transmit the sonorous vibrations, the greatest 
solidity is required, are the densest parts of the 
skeleton; and phosphate of lime enters most 
largely into the composition of these bones. 
The tympanic portions of the temporal bone of 
the whale and the cachalot, where the great 
size of the organ gives us advantages in ex- 
amining them, are as dense and as hard as 
marble. The bony portions of the teeth, like- 
wise, afford instances of very hard calca- 
reous formations ; but the enamel, which con- 
sists almost wholly of phosphate of lime, is 
harder still, and resembles the siliceous stones, 
being, like flint, capable of striking fire with 
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sted, . It is scarcely necessary to p<mt out the 
obvious intentions which are fulfilled by this 
peculiarity of structure, conferring extraordinary 
hardness on a part of which the appropriate ofl^ce 
is that of breaking down hard bodies subjected 
to their mechanical action. But this extreme 
degree of crystalline hardness would be illjsuited 
to other parts of the frame. In ordinary bones, 
absolute rigidity is not the quality which is 
alone wanted ; for, in general, the hardest bodies 
are also the most fragile. An excess of rigidity, 
therefore, would have been attended with brittle- 
ness, and been productive of the worst conse- 
quences to parts exposed to sudden and violent 
concussions. It is in order to guard against this 
evil that an elastic animal matter is employed as 
the basis of the structure, acting as a strong 
cement interposed between the calcareous par- 
ticles. 

This composition of bone is rendered evident 
by subjecting it to certain chemical processes. 
On exposure to heat, we find it first becomuig 
black, from the developenient of the charcoal 
attendant upon the destruction of the animal 
membrane. The oil contained in the cavities 
exudes, and, taking fire, is soon totally con- 
sumed. The bone then recovers its whiteness, 
and undergoes no further change by the action 
of the fire. If it be now examined, it will 
be, found to have lost nearly half its original 
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weight, and to have become exceedingly brittle ; 
this, as already mentioned, being tlie natural pro- 
perty of phosphate of lime, when deprived of its 
animal cement. We may perceive on the surface 
of a bone so treated, a number of minute cre- 
vices, showing where this animal substance had 
been situated in its original slate. On breaking 
the bone across, we may also discover the size 
and shape of the cavities which contained the 
marrow, or oily fluid above-mentioned. 

It is easy to reverse this process by steeping 
the bone in an acid sufficiently diluted to pre- 
vent its injuring the animal membrane, but yet 
sufficiently powerful to dissolve the phosphate 
and carbonate of lime. Diluted nitric or mu- 
riatic acids may be used for this purpose, and 
will, in this way, gradually sei)urate the earthy 
particles from the membranous portion of the 
bone. During tlu; action of the acid a few 
biibbles of carbonic acid gas make their ap- 
pearance, indicating the presence of a small 
quantity of carbonate of lime, which always 
exists in bones, intermixed with the ])hosphate. 
The phosphate may be recovered from its solu- 
tion in the acid by precipitation wdth a pure 
alkali, such as a solution of ammonia. This 
precipitate is readily dissolved, without effer- 
vescence, by nitric, muriatic, or acetic acids. 
A small quantity of sulphuric acid may also be 
detected in the fluid by the addition of nitrate 
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df barytes. Iron, in small quantity, is also found 
in the composition of human bones. 

The substance which remains, after the earth 
has been thus abstracted, retains the exact figure 
and dimensions of the original bone, but has 
lost all its other mechanical properties. It is 
soft, flexible, and elastic: resembling i# every 
respect the muscular or fibrous structures, and 
being, like them, resolvable into gelatin and 
albumen by long boiling in water. This sub- 
stance has sometimes, but erroneously, been 
considered as identical with cartilage ; for it has 
neitlier the whiteness, nor the elasticity, nor the 
texture of cartilage, nor is it at all similar to 
that substance in its chemical composition : for 
while cartilage is formed almost wholly of albu- 
men, the animal basis of bone is almost entirely 
resolvable into gelatin. 

Thus may a bone be analysed into its two 
constituent parts : by the process first described 
we obtain its earth deprived of its animal con- 
stituent; by the second, we obtain its mem- 
branous basis free from earth. The first of 
these gives it hardness ; the second, tenacity : 
and thus, by the intimate combination of these 
dements, two qualities, which, in masses of ho- 
mt^meous and unorganized matter, are scarcely 
compatible with one another, are skilfully 
united. 

The mechanical ^ructure of bone is no less 
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"w^hy of adittiration, sa oTinokig the akill stitti 
which every part is adapted to its destined uses. 
The animal membrane, which, as we have seen, 
is the bed in which the calcareous phosphate is 
deposited, partakes of the reticular structure 
belonging to the ordinary cellular texture ; and 
a boi#, when minutely examined, exhibits also 
the same ap|>earance of plates intermixed with 
fibres. In the outer compact portion, indeed, 
the fibrous arrangement of the particles is not so 
easily distinguished : but it may be detected in 
young bones while they are becoming ossified : 
and also in bones tliat have been long exposed 
to the weather, or long macerated in water. The 
interior of most bones, in the higher classes of 
animals, presents distinctly the appearance of 
irregular cavities, resulting from the partial sepa" 
ration of the plates, and their mutual crossings, 
and fibrous connexions. 

The different mechanical purposes for which 
bones are employed in the animal economy 
require them to be of different forms. Whore 
a part is intended to have compactness and 
strength, with a very limited degree of motion, 
it is divided into a great number of small pieces, 
united together by ligaments, and the separate 
bones are short and compressed, approacUng 
more or less to a cubical shape. Of such is the 
column of the spine composed, as also the joists 
of the wrist and ankle. Where the princ%)al 
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object is either extensive protection, or the pro- 
vision of broad surfaces for the attachment of 
muscles, we find the osseous structure expanded 
into flat plates ; as is exemplified in the bones 
of the skull, in the shoulder blade, and still 
more remarkably in the bony shield which sur- 
rounds the body of the tortoise. On the other 
hand, where a system of levers is wanted, as in 
the limbs, which have to sustain the weight of 
the trunk, and to confer extensive powers of 
locomotion, the bones are modelled into length- 
ened cylinders, generally somewhat expanded at 
the extremities, for greater convenience of mu- 
tual connexion. 

In the form, the structure, and the arrange- 
ment of these levers, which allow of the regular 
and accurate application of the moving power, 
and are calculated, in circumstances so various, 
to give effectual support to the fabric, and also 
to execute a great diversity of movements, we 
discern most palpable manifestations of profound 
design, and the most exquisite refinements of 
mechanic skill. All the scientific principles of 
architecture and of dynamics are more or; less 
exemplified in tlie construction of this part of 
the animal fabric. Levers of various kinds are 
most artificially combined in the formation bf 
tbe fins of fishes, the wings of birds, and the 
limbs of quadrupeds. The power of the arch in 
resisting superincumbent pressure is exhibited 
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in various parts of the osseous systems of verte- 
brated animals; such as the human foot, the 
spine, the i)elvis, and more especially in the 
vaulted roof of the skull, and in the carapace, 
or upper shell, of the tortoise. 

The construction of these levers evinces that 
a minute attention has been bestowed on every 
condition by which mechanical advantage could 
be gained. In the more ])erfect developcments 
of structures, such as those which obtain in the 
higher orders of mammalia, and also in the class 
of birds, all the long bones are 
hollow cylinders; and their ca- 
vity is largest in the middle of 
their length. This is shown in 
Fig. 172 , which represents a 
longitudinal section of a human 
thigh bone, and in Fig. 17 . 3 , 
whi<di is a similar section of the 
humerus, or bone of the arm. 
The walls of these bones consist 
of a dense and compact sub- 
stance, formed by the close co- 
hesion of the osseous plates. 
These walls are of greater thick- 
ness in the middle of the shank 
or shaft of the column, and be- 
come thinner as we follow them 
towards either of the ends. This 
gradual diminution in the thickness of the walls 
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arifliMi irom the' cootmual separation of iJie 
jdat^ which bend inwards, and crossing each 
othCT, leave a multitude of irregular spaces or 
cells, which are called cancelli. The plates, pro- 
ceeding from each side obliquely inwards, at 
length meet each other in the axis of the 
cylinder, so as to close the middle cavity near 
the extremities of the bone, where this spongy 
or cancellated structure is found to occupy its 
whole diameter. 

Now if we consider that the principal me- 
chanical property required in every cylindrical 
lever is rigidity, and more especially the power 
of resisting forces applied transversely, that is, 
tending to break the cylinder across, we shall 
soon perceive, that a given quantity of ma- 
terials could not possibly have been disposed in 
a manner better calculated for such resistance 
than when in the form of a tube, or hollow cy- 
linder.* To this mechanical principle I have 
already had occasion to advert, when speaking 
of the liollow stems of vegetables, which derive 
their chief strength from their possessing this 
form ;t and we now hnd it again applied in tiie 
structure of bones, which by having been made 


Aa elaborate mathematical demonstration of this proi^l- 
tjon was long ago given by Dr. Porterfield, in a paper contained 
in the first volume of Medical Essays and Observations/ pub- 
IbhM by a Society in Edinburgh, p. 95, 
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hollow, are rendered considerably stronger than 
if the same materials had been collected into a 
solid cylinder of the same length. We may 
fartlier remark, that as it is in the middle of 
the shaft that the strain is greatest, so it is here 
that the cavity is largest, and the resistance 
most effectual. 


§ .‘J. Formation and Decelopetnenl of Bone. 

But it is not enough to contemplate the pur- 
poses so admirably answered by these arrange- 
ments. Our curiosity cannot but be powerfully 
excited to learn what processes and refined se- 
ries of means are employed by nature to raise 
and to perfect all these artificially contrived 
structures. It fortunately happens that in this 
instance we are permitted to penetrate a little 
farther than usual into the secrets of organic 
evolution : for the succession of changes can be 
better followed by the eye in the slow develope- 
mmt of the harder parts, than in the quicker 
growth of mere yielding and expansible tex- 
tures. The peculiar material also, of which bone 
is formed, is easily distinguished by its hardness, 
its whiteness, and its opacity from the softer and 
more transparent animal substance with which 
it is intermixed. Hence we are allowed an op- 
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I^drtunity of observing the earliest stages of iits, 
dejk)sition, and of accurately following the subn 
sequent changes it undergoes. 

The parts of the embryo animal, which are 
destined to become bone, partake of the soft 
and gelatinous consistence, which, at that early 
period, characterises all the textures of the 
body; and they can hardly, indeed, be dis* 
tinguished from the semi-fluid portions which 
surround them. In process of time, when the 
vascular circulation of the blood has been estab- 
lished, and the newly formed arteries have ex- 
tended their branches over every part of the 
nascent organization, those vessels which are 
appropriated to the task of forming the bones, 
arrive at the pulpy masses where their work is 
to commence. As sculptors, before working upon 
the marble, first execute a model of a coarser and 
more plastic material, so the first business of 
these arteries is to prepare a model of the future 
bone, constructed, not with the same material 
of which it is afterwards to consist, but with ano^ 
ther of a simpler and softer nature, namely car- 
tilage. In every case, then, cartilage is first 
formed, and becomes visible by its greater opacity 
when compared with the adjacent jelly. It is an 
exact representation, in miniature, of the bono, 
which is, in due course, to take its place. It is 
esvident that until the other parts of the fabric 
have- proceeded so far in their developement >a|s 
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to have acquired a certain de^e of soJidity and 
firmness, and to bear, as well as to require, tlie 
support of more massive and rigid structures, 
this flexible and elastic cartilage may be em- 
ployed with great advantage as its substitute. A 
hard and unyielding structure w'ould, in the early 
stages of its formation, have; even betni injurious. 
But in proportion as the fabric is enlarged, the 
necessity for mechanical support increases, and 
further provision must be made for resistance to 
external violence. 

When, at length, all is prepared for the con- 
struction of the bone, the next stej) to bt? taken 
is the removal of the cartilage, which had been 
erected as tlie scaflblding for the intended build- 
ing. But in taking down this scaflblding, the 
whole must not be removed at once ; each j)art 
must be carried away, piece by piece, while the 
operation of fixing in their position the beams 
and pillars of the edifice proceeds. The way is 
cleared at first by the absorption of the central 
part of the cartilage, and a few particles of 
ossific matter are deposited in its room. While 
this process is going on, greater activity is dis- 
played in the arteries ; they rapidly enlarge in 
•diameter, so as to admit the colouring globules 
of the blood ; and they thus become visible to 
the eye, which can now follow their course 
without difficulty. From being at first .red 
points, they soon spread out into lines^ of ;wbiich 
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we trace the branches to a certain extent, al- 
though we cannot pursue them to their minuter 
ramifications. They now assume more active 
functions, and hasten to execute tlieir task by 
depositing granules of calcareous phosphate : 
these are laid down, particle by particle, in a 
certain determinate order, and in regular lines, 
so as to form continuous fibres. When a great 
number of these delicate fibres are gathered toge- 
ther, and connected by other fibres, which shoot 
in various directions across them, a texture com- 
posed of an assemblage of long spicula, or thin 
plates, is constituted. 

In the cylindrical Imnes, the spicula prevail, 
and they are arranged longitudinally, and pa- 
rallel to one another, and to the axis of the bone. 
They first constitute a ring in the middle of its 
length : this ring enlarges in all its dimensions, 
but principally in its length ; the spicula be- 
coming larger, not by the stretching of their 
parts, in consequence of the insinuation of fresh 
materials between those already deposited, but 
by the addition of new particles at both their 
extremities. In like manner, the ring increases 
in thickness, not by the deposition of phosphate 
of lime lietween the original layers, but by the 
application of fresh layers on the outside of 
those already existing. 

In the flat bones, the process of ossification is 
very similar to what I have just described; omiy 



OSSIFICATION. 


379 


the fibres have a radiated arrangement, shooting 
out from the spot where the first deposit took 
place, as from a common centre. This is seen 
in Fig. 174, which represents the parietal bone of 

175 





the human skull, in an early stage of its ossifi- 
cation, and shows the radiating fibres very dis- 
tinctly. In the cubical, and more irregularly 
shaped bones, the process is, doubtless, con- 
ducted with the same order and regularity, al- 
though it cannot so readily be followed by the 
eye. 

The same process is repeated in ditferent 
parts of the bone, wherever nature lias, in con- 
fonnity with determinate laws of developement, 
appointed particular centres of ossification. The 
bone continues to extend from each of these cen- 
tres, proceeding gradually towards the circum- 
ference, or the remoter parts of the cartilage, on 
which the ossific materials are moulded, and by 
the form of which that of the future bone is 
regulated. The process of ossification 1ms, how- 



380 THE MECHANICAL FUNCTIONS. 

ever, this peculiarity, that the cartilage is pro- 
gressively absorbed to make room for the depo- 
sits of bony substance. When the bone is long, 
separate points of ossification appear in the ex- 
tremities, before the central portions arc ossified; 
and the ends, thus formed into bone, are after- 
wards united to the shaft, so that the whole 
shall form a continuous bony mass. In tlie flat 
bones, also, if the surface be extensive, an addi- 
tional number of arteries are engaged to perform 
the work, which is begun from several auxiliary 
centres of ossification, and the completion of 
which is materially accelerated by their co-ope- 
ration. 

This mode of increase often gives rise to a 
curious resv.lt, of which a striking example is 
presented in the bones of the skull. The brain, 
which these bones are designed to protect, re- 
quires their protection at a very early period of 
life. The growth of so large a surface of bone, 
as would be required for covering the brain, 
could not have proceeded with sufficient quick- 
ness for the exigencies of the occasion, if it had 
originated from a single point. Therefore it is 
that, besides being commenced at a very early 
age, the process goes on from a great number of 
separate points at the same time. The ossifica- 
tion is evidently hurried on in order to complete 
the roofing in of tlie edifice by the time at which 
the animal is to be ushered into the world, and 
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exposed to dangers from the contact of external 
bodies. The divergent fibres shoot out rapidly, 
coalescing with those in their immediate neigh- 
bourhood, which co-operate to form an extensive 
bony plate. When they have reached the pre- 
scribed line, they have become so much ex- 
panded as to have lost the power of coalescing 
Math the fibres which have originated from other 
centres, and arc proceeding in a contrary direc- 
tion. Yet the arteries still continuing to deposit 
ossific matter, each set of fibres insinuate them- 
selves between those of the opposite set, for some 
little distance, and until their further progress is 
stopped by the increasing resistance they en- 
counter. The conseciuence is that the edges of 
the bones, which have thus met, are irregularly 
jagged, like the teeth of a saw, presenting exter- 
nally the zig-zag line of junction which is called a 
suture. This is seen in Figures 17.5 and 170, the 
former of which represents the upper side of the 
skull of an infant ; and the latter, the same 
bones when completely ossified. 

The union of bony fibres proceeding from 
different centres of ossification is not indiscri- 
minate, but is found to be regulated by definite 
laws, and to have certain relations to the gene- 
ral plan of conformation originally established. 
Each distinct bone is formed from a certain 
htimber of ossific centres, which altogether con- 
stitute a system appertaining to that bone only, 
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and not extending to the adjacent bones. These 
pieces unite together, as if by a natural affinity ; 
and they refuse to unite with the bony fibres 
proceeding from neighbouring centres, and be- 
longing to other groups. The groups themselves 
are not arbitrary, but are pre-established parts of 
the original design. Circumstances occasionally, 
indeed, arise, which may overrule this inherent 
tendency to preserve the line of separation be- 
tween two bones ; and we then find them coales- 
cing to form a single piece. Such unions are 
technically called anchyloses. 

Were this the whole of what takes place in 
the formation of a bone, the process would not, 
perhaps, differ very materially from that by 
which a shell is produced ; for a shell, as we 
have seen, is the result of successive depositions 
of calcareous matter, forming one layer after 
another, in union with a corresponding deposit 
of animal membrane. But the subsequent 
changes which occur, show that the constitution 
of bone is totally dissimilar to that of shell : for 
no portion of the shell that is once formed, and 
has not been removed, is subject to any farther 
alteration. It is a dead, though perhaps not 
wholly inorganic mass ; appended, indeed, to 
the living system, but placed beyond the sphere 
of its influence. But a bone continues, during 
the whole of life, to be an integrant part of the 
system, partaking of its changes, modified by 
its powers, and undergoing continual altera- 
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tionsof shape, and even renewals of its substance, 
by the actions of the living vessels. 

The form w'hich had at first been rudely 
sketched, slowly advances towards perfection in 
the course of its growth ; and the general pro- 
portions of the parts are still preserved ; the 
finished bone exhibiting prominences and de- 
pressions in the same relative situation as at first; 
and not only having similar internal cavities, but 
being frequently excavated in parts which had 
liefore been solid. During all these gradual 
alterations of shape, however, there is no stretch- 
ing of elastic parts ; for all the osseous fibres 
and lamina? are rigid and unyielding, and in this 
respect retain an analogy with sludl. The 
changes thus observed can have been eftected in 
no other way than by the actual removal of such 
parts of the young bone as had occupid the situ- 
ations where vacuities are found to exist in the 
old bone. We find, for instance, that in the 
early state of a bone there are no internal cavi- 
ties, but the whole is a uniform solid mass. At 
a certain stage of ossification cells are excavated 
by the action of the absorbent vessels, which 
carry away portions of bony matter lying in the 
axis of the cylindrical, or in the middle layer of 
the flat bones.* Their place is supplied by an 

* The bones of the lower classes of vertebrated animals, as of 
Fishes and Reptiles, seldom reach this stage of ossification, but 
remain solid throughout; corresponding to the bones of the 
higher classes at the early periods of their developemeut. 
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oily TOatter, idiich is the mamw. As the grhwth 
proceeds, while new layere are deposited on the 
outmde of the bone, and at the ends Of the !<i)bg 
fibres, the internal layers near the centie are 
removed by the absorbent vessels, so that the 
cavity is farther enlarged. In this manner the 
outermost layer of the young bone gradually 
changes its relative situation, becoming more 
and more deeply buried by the new layers which 
are successively deposited, and which cover and 
surround it ; until by the removal of all the 
layers situated nearer to the centre, it becomes 
the innermost layer ; and is itself destined in its 
turn to disappear, leaving the new bone without 
a single particle which had entered into the 
composition of the original structure. 

It has been found that by mixing certain 
colouring substances with the food of animals 
the bones will soon become deeply tinged by 
them. This fact was discovered accidentally by 
Mr. Belchier, who gives the following account 
of the circumstances that led him to notice it.* 
Happening to be dining with a calico printer on 
a leg of fresh pork, he was surprised to ob- 
serve that the bones, instead of being white as 
usual, were nf a deep red colour ; and on inquir- 
ing into the circumstances, he learned that the 


• Philosophical Transactions for 1736, vol. xxxix. 287 and 
289. 
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jMg liad been fed upon the refuse of tlie dyeing- 
vats, which contained a large quantity of the 
col<»iring substance of madder. So curious a 
fact naturally attracted a good deal of attention 
gmong physiologists, and many experiments were 
undertaken to ascertain the time required to p»‘o- 
dttce this change, and to determine whether Uie 
eflfect was permanent, or only temporary. The 
red tinge was found to be communicated much 
more quickly to tlie bones of growing animals 
than to those which had already attained tlieir 
full size. Thus the bones of a young pigeon 
were tinged of a rose colour in twenty four hours, 
and of a deep scarlet in three days ; while in 
the adult bird, fifteen days were required merely 
to produce the rose colour. The dye was more 
intense in the solid parts of those bones which 
were nearest to the centre of circulation, while 
in bones of equal solidity, but more remote from 
the heart, the tinge was fainter. The bone was 
of a deeper dye in proportion to the length of 
time the animal had been fed upon the madder. 
When this diet was discontinued, the colour be- 
came gradually more faint, till it entirely dis- 
appeared. I shall have occasion, in the sequel, 
to discuss the inferences which have been drawn 
firtan these curious facts. 
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\ 4. Skeleton of the V&rtebratai 

'Ehe purpose® to be answered by die Skeleton, 
in vertebrated animals, resolve themselves irito 
due three following ; firstj the affording mechsr 
nical support to the body generally, and; also i to 
dxifeidnt portions of the body; secondly, the 
proT^ing a Solid basis for the attachments of 
the muscles Which are to effect their movements! 
and thirdly, the giving protection to the vital 
organs, but more particularly to the central jmfflts 
of die nervous system. Of these the last is the 
ooreumstance that has the greatest influence ib 
determining the principles on which the osseous 
frame-work has been constructed. In the ner*- 
vDus system of all the animals coming under the 
denomination of vertebrata, the spinal manrowv 
together with the brain, which may, indeed, >be 
considered as the anterior extremity ef the «pir 
nal marrow, only much enlarged by an addidoiiBi 
mass of nervous substance, are the most in^foBt*' 
aak parts of that system, andtlie organs i which 
stand most in need of protection from: hueeif 
kind of injury. These two< portion^ of// the 
nervbus system, when viewed as' ctmipcbm^ja 
sin^ organ, have been denmnumtedJthj^^j^tao* 
eerebet^ iaxisy in cimitedisimteion foithe^hnhlbt 
gois8!^drtsr«f thffiiinervoiis system'^bf artk^aidd 
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animals: for amidst great differences of structure 
and of functions, an analogy is still retained 
among the several forms of the nervous system, 
characterising these two great divisions of the 
animal kingdom. In the embrj'o state of the ver- 
tebrata the central parts of that system consist 
of two separate filaments mnning parallel to each 
other the whole length of the body : but in pro- 
cess of time these two filaments unite, and con- 
stitute a single spinal COTd : and the primary 
type of the skeleton is determined by the pecu- 
liar form of this, the central organ of the nervous 
system. 

In laying the foundations of the skeleton, 
then, the first object is to provide for the secu- 
rity of the spinal cord ; and this is accomplh^ed 
by enclosing it within a series of cartilaginous 
rings, which are destined to shield it during its 
growth, and by their subsequent ossification, to 
protect it most effectually from all injurious pres- 
sure. It is this part of the skeleton, accordingly, 
b£ which the rudiments appear the earlieis^ in the 
eaadiryo animal. These rings form a column 
riy tend jpg in a longitudinal direction along the 
tmnk ;• retracing to us the series of homy rings, 
ixii which -the bodies of worms, of insects,' and 
indeed cfftall the A.rtievlata^ are encased. When 
oasifiedv these several rings are termed ; 

aadi the entire c<^umn which they com|M}6e is 
the Fig.^d77 shows . the i form' of one of 
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the*^eri^bf8B of the back in 'the ihiiraUiii'* rice-* 
Icton. Fig. 178 is a side view of fouSr vertebiw 
joined together, and Fig. 179 is a veiticali section 



of the same part of the spine, showing the canal 
formed by the rings. From the constancy with 
which the spinal column is found in all animals 
of this ty|>e, and from the uniformity of the 
plan on which, amidst endless variations, it is 
modelled, it has been chosen as the distinctive 
character of this great assemblage of animals, 
which have accordingly been denominated the 
Vertehrata, ov Vertebrated AnimtlSi 
N-or is the spine of less importance nflien 
viewed in its mechanical relations to the restiof 
the skeleton. It is the great central beahi of 
tlie fabric ; establishing points of union between 
all its parts, and combining them into ond con- 
tinuous frame- work ; it is the general axis '-of 
all their motions, the common fulcrum on whicii 
the principal bwiesof the extremities ane made 
to turn : it furnishes fixed points of attachment 
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to all the large muscles which act these 

bones i as levers, and also to those which move 
tfaetrunk itself. 

If this column had been perfectly rigid, the 
whole frame- work would have been exposed to 
incoiivenieiMJe and even danger, amidst the 
shocks it lahst encounter during all the quick 
and 'Sudden movements of the body. Not only 
must its mechanism be flnnned to sustain thbse 
shocks, but also to accommodate itself to various 
kinds of flexions, and twii^ings of thif' trunk. 
While these objects are provided for, care must 
at the same time be taken that the spinal mar- 
tow it encloses shall, amidst all these motions, 
^?emain Secure from pressure ; for so delicate is 
its structure that the least degree of compression 
would at once interrupt its functions, and lead 
to the most fatal consequences. A safe passage 
is likewise to be afforded to the nerves, which 
issue from the spinal marrow, at certain, inter- 
vals, on each side throughout its whole length. < 

' No where has mechanical art been more con- 
spicuously displayed than in the construction ©f 
a fabiic capable of fulfilling these opposite, and 
apparently incompatible functions. The prin- 
cipal difficulty was to combine great strength 
with sufficient flexibility. This we find accom- 
fdashed, first, by the division of the column Uito 
a great number of pieces, each of which being 
kwknd in with the two adjoixdng pieces^ and 
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%Mly Jbraced by coanectaag %iuiieald^ » 
aliotfed' bttt a very small degree of Hexion atitfaie 
pmnt of junction. This slight flexion at eadk 
single joint, however, by becoming multiplied 
along the series, amounts to a comuderalde 
degree of motion in the whole column^ 

The broad basis of each b(me is connected 
with the next, not by a joint, but by a plate of 
equal breadth (m, m. Figures 178 and 179), com- 
posed of a peculiar substance, intermediate in 
its texture to ligament and cartilage, and pos- 
sessing in a remarkable degree the qualities of 
toughness and adhesion, united with compres- 
sibility and elasticity. By yielding for a certain 
extent to a force tending to bend it to either side, 
it diminishes the quantity of motion which would 
otherwise have been required in each individual 
joint; and by acting at the same time as a 
spring, it softens all the jars and concussions 
incident to violent action : for we find that how- 
ever the epine may be bent, no chasm is left by 
the flexions of the vertebrse upon one another^ 
nor is the continuity of the column in thus 
smallest degree interrupted. 

The motions of the vertebrse upon each other 
are further regulsUcd by the mode in whidii their 
articular processes, which are the piec^ that 
project obliquely on each side, play upon ehch 
other. These processes, which are seen at a, a, 
in the preceding figures (177 and 178), are «f 



greafctHseinvpreTefiitiBg tiie swiden dispJao^mfB^ 
irfithe yertdbr®; foi this effect cannQtfhe, pn>- 
dltioed$ky any force sliort of that which w<«dd 
dccOfifilaffacturev Any one who will jtry to dis- 
kieate,[i by sheer force, the spine of a hare or 
rabbit will food reason to admire the art with 
which its bones have been locked together, and 
tbe skill displayed in combining great flexibility 
with such powerful resistance to every effort 
that can be made to separate them. 

For the purpose of allowing a passage to the 
Spinal marrow, the bodies of tlie vertebra 
(b, Fig. 177 and 178), are hollowed out behiird, 
into 'a groove, over which a broad plate of bone is 
thrown from the sides of the vertebra, like the 
arch of a bridge. The succession of arches, 
when the vertebrae are joined together, forms a 
continuous canal, which is occupied by the 
spinal marrow. Notches, corresponding to each 
other, are left in the sides of each of the arches, 
fornnng apertures for the secure passage of the 
nerves as they issue from the spinal marrow. 
All these circumstances are visible in the figures, 
particularly in the section. Fig. 179, where c, 
istheeanal for the spinal marrow, and in which 
the apartures just mentioned are distinctly seen, 
at 0 , 0 . 

In oarder to give an advantageous purchase 
the muscles which are attached to tfie spine, 
each vertebra kis, besides die pmrts above de»' 
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ercbedjoia pvcgectitig pkc® (^f^txfn^)iex«eiMlf% 
Ufini^rds from the crown of the dnebyand^lilewd^J 
aikiated l3»e spimus prtmms 'Shd^ehavfit 

ri^e that rnns along the of yie'bhok>')of 

a quadruped, is formed by Ibe 'coAtittued seriesf 
of these processes. There are also, ow the iMds 
of the vertebrae, two other prqfectkig piefeeii,i 
which are denominated the tranmerse processes 
(T)j and M'hich serve as levers for bendmg' thie 
column laterally, that is, either to the right or to* 
the left. All these component parts of the spine 
are subject to considerable modifications, in dif- 
ferent tribes of animals, according to the par^ 
ticnlar mechanical circumstances of the system, 
awd to the particular intentions of their fbr- 
mation. ' 

'There is scarcely any part of the osseous 
fiabtic of which the variations better illustrate 
the strict unity of plan and the beautiful law of 
gradation observed by nature in all h^r opera- 
tionfe, thsai the spine. In studying the various 
i&o£fictttions which this part of the iekeleton 
undergoes, it will be useful to bear W mhtd the 
principles, which appear to regukfte its £imua- 
tion; and which Gecdfiroy St. Hilairdylias de-'' 
duoed by following tlw history of |t^ early 
growth, and noticing the order in which its 
sbveral parts sore developed.* In common wrth 


* M^okes 4ti M . 79'^ind '8^, ' ^ ? 
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oJidwBer.ttb^trf^tebrae! taJte their iitse £roiii <ierH 
t«iii«iddtfinuitmte points, or centres of obsitio^ 
t^ni'^hdtte, at first, detached pieces of Itene axe 
fonfiedi^ destined to unite together so as tb ooin« 
poso. the ealiire bone. An accurate knofii^ledge 
ofif the general forms and relative situations' of 
these elaraentary pieces is of much iaaportajacc, 
because we find that particular circumstanoes 
deterwne the developement of some of these 
parts much earlier, and to a greater extent than 
other parts; and thus lead to great. differences in 
the shapes and proportions of various bones, at 
different periods of their growdh, although their 
or^in and com portion are essentially the safiue. 

•, The number of elements which enter into the 
composition of a vertebra has been differently 
estimated by different phy- 
siologists : but the following 
are certainly entitled to that 
clmracter. They are repre- 
sented in their relative situa- 
tions in Fig. 180 . The first 
is the part which forme the 
nucleus, or body (b) »£ . the, 
vertebra; mid its ossification 
begifie at the centre, i^ext. 
in importance are the two 
btmy fdates, or; leaves, > as they <Biay be called' 
(l, l), which proceed from the sides of the body, 
and embrace the spinal marrow which is si- 
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b^wjeen th^m. Theifoustb 
Hiaai idi the tpimus proem (i»), whieht ignites ith4! 
twe leaves* and thus completes, the !sUf>erie{F •anel^ < 
of idbiich it may be regarded as the ikeyi-stoneii 
fi«r the protection of the sjnnal maivowMt,.Tihehi 
come (the two ti-amverie proems (Er,i«)i whidhs 
extend outwards from the sides, and with whiohi 
the arches of bone, that constitute the, ribs, 
(a, ») are generally connected. These are thie 
six parts which may be considered as the !elnl> 
ments that are most essential, and most com- 
stantly jnesent in the composition of the ver*- 
tebrae. But some other parts may also be noticed 
as of very frequent occurrence: such, are < the 
bony plates which cover the two flat p<ntions of 
the bodies of the vertebrae, forming the surfaces 
immediately contiguous to the iutervertebral 
ligament ; which surfaces, in some of the lower 
orders of the vertebrata become articular. There 
is frequently, also, a developement o£ processes 
(f), forming arches and spines at the lower sur- 
face of the vertebrse, or the one oppo^te to that 
which gives rise to the superior arches alreddy 
mentioned. This structure is very generally* 
met with in fishes, and it is observed also, in ^ 
cetacea. The arches thrrs formed enclose a large 
artery, which is the continuation of the aorta^or 
the main artery running along the back, imihe- 
diately under the i^inai column. * 

There are stiU other processes, less consttmtly 
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Tamble in their $ha{>e. • They 
foiba auricular surfaces for the purpose of being 
oomtected with the surfaces of corresponding 
proeesses in the contiguous vertebra. Of these 
thM?e are four (a, a, a, a) belonging to each ver- 
tebra, two in front, and two behind. These, 
however, should not be included among the 
primary elements of the vertebrae, because we 
find them, in different instances, occupying 
different positions, and formed sometimes by 
extensions of the bodies, and at other times of 
the leaves. In following them through the se- 
veral tribes of animals, we observe them shifting 
their places, in various ways, and not even pre- 
serving any constancy in their number. They 
are wholly absent in fishes: in the crocodile, 
and other reptiles, they approximate so as to 
form three articular surfaces, namely, two close 
to one another, and a third posterior to these. 
In the Ornithorhyncus, while the latter retains 
its situation in the middle, the other surfaces 
have separated from each other, and have tra- 
velled outwards, taking their stations upon the 
leaves. In the Mammalia, the middle surface 
has wholly disappeared, and the outev surfaces 
have risen into what are termed the oblique pro- 
cesses. 

in ad^tion to these, accessory bones are ofrm 
developed to suit particular occasions. Thus in 
fishes, we see that <me or two additional pieces 
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(f)**ai-e affixed to the ends of 
ptdcess. In many cases, insrteftd of ibeing * thud 
pJacSd in a line with these proeei»es,'they bpp*ear 
at a littfe distance, as if they had i^ippod ffism 
then* proper situations; they are then- fot»»d 
between the Spinous processes,* and receive 'tibe 
name of ewterspiMOMs Aomcs. ' ; ■* /iv? 

The spinous processes have a tendency, when 
their developement proceeds, to divide into 
branches, and this bifurcation frequently takes 
place also in the interspinous bon^. Theitranr- 
verse processes likewise occasionally devtslope 
accessory pieces, as is found to be the case- in 
some reptiles ; but in other instances they undergo 
a gradual change of position, as we follow theM 
backwards along the spinal column, where they 
descend towards the abdominal region. " 

The flexibility of particular portions Of thC 
spinal column is regulated by the size and foWh 
of its processes. When these are mudi devei 
loped, they necessarily obstruct the flexion 'Of 
the vertebr® in the directions in which they ai^ 
situated : when they are small, no such Mhd^ 
xarice arises, and the spine is free to ihove itt ‘aH 
dilutions. Thus, when we see the spinous 
Cesses much enlarged, while the transverse ^pro- 
cesses are small, we may infer that the spitte% 
incapable of any bending in that direction ;^ but 
that it has Ute powerof free htteval flCximi. ‘Hife 



. OTWCPURE-eE TttB $WNE. 8817; 

Ui«; spine, of fis}ies>^>vherE:tbi8 
of , motion is the one principally 
wax^d./ In d(dpjbins, and other cetacea, on -the 
oeatraiy, the actions are required to he 

Tectihally upwards and downwards, tlie spinous 
p^cesses are small, and the transverse processes 
very long and broad, 

» .Every ir^tance of variation in the forms of 
these important parts of the osseous system, will, 
in -like manner, be found to have a relation to 
some particular circumstance in tlie living liahits 
of the animal, and to be subordinate to the 
general plan of its economy. But in order tt> 
understand the mode in wliich nature has eflected 
thqso changes, it is necessary to study the ele- 
ments of each part of the osseous system,. ; for 
these constitute the alphabet by which the com- 
binations she presents to us become legible, and 
l4ieir migin and progress are unfolded tq, oar 
compreiliension. According as each of these 
i^ementn of ossification receives dillereut degree^ 
of .developement, so do the diflerent bones they 
antapoee acqnire their particular, shapes ahd 
relative dimensions. Sometimes, indeed, we hnd 
tbnf pr other of tliese elements has disapr 
..peered; ,or at least we c^n discover no trace 
nf ,its deyelopement ; in othpr cases, we see it 
niifpeedingly expanded, , gnd , appearing under 
ftjfins of greater <comphcation, so a^ tOobq 
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d^eultj ideotified: on some ocoaslmas^ 
ha^e just seen in the spinous bones of> fishes,! lUs 
accessory structures are muitipled, as ifvccnli^ 
nued dBforts were made by the system to rejjcat 
the same structures. Amidst all th^e modifieor^ 
tions, die parts that preserve the greatest cbn- 
stancy of form are those which are of most im- 
portance, and which are constituent parts * of the 
primmdial type of the class to which the indivi- 
dual animal belongs. 

The spinal column is generally prolonged at 
its posterior extremity into a series of vertebrae, 
which are sometimes mcceedingly numerous ; 
decreamg in their size as they extend backwards; 
and having continually smaller processes^ the 
one disappearing after the other, till all of them 
are lost, and nothing remains in those at the 
extremity of the series but the cylindrical bodies 
of the vertebrae. Even these become stinted in 
their growth and ossification, until we find 
die terminal pieces generally remaining in the 
state of cartilage. Such is the structure of the 
osseous suppoit of the tail, as seen in mnny 
quadrupeds in its most devdoped forms^ *lt 
illustrates the law, that when in any system 
there occurs a frequent repetition of the same 
structure, the evolution, in the latest of these 
repetidons, becomes less perfect, and endswhy 
bfing, nbcatiye. - In the , present instancCi ' the 
consequences of this law are highly advanta- 
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g»o^ ^oe it provides for the ^xilulity of the 
^1,- add 'Qualifies it for being applied to a great 
variety of useful purposes, as we find more espe-f 
ciaHjrexemj^fied in the Aides, or spider monkey, 
and in the Kanguroe. 

i ‘Next in importance to the spine is the era- 
rmaii, or csseous covering of the brain together 
with:>the bones of the face, which' protect the 
(Hgans of the finer senses. An accurate in'Vie8ti-^ 
gation of the mode in which these bones are 
formed ‘hc<6 led many modem anatomists to the 
opidion that they were originally parts of the 
spinal column, and that they are in fact deve- 
li^ements of vertebras, much altered, indeed, ih 
shape, in consequence of the new conditioni^ to 
which they have been subjected ; but still pos* 
sdSsing all the essential elements of vertebrae. 
In the embryo condition of these organs, and 
while the brain is yet undeveloped, the resOm- 
blahce of the bony circles which enclose it to 
vdrtebrse is certainly vary striking ; but in pro- 
pdrtion as the brain becomes expanded, the si- 
milarity diminishes ; for the rapid growth of the 
brain in the higher orders of animals is neces^ 
satrily attended with att equally sudden expad- 
sion of the bodes of the skull. Hence their 
several elements are thrown into unusual poei- 
tidnsi and being variously distorted and dlsfi^ 
grired «an hardly be recognised tmder- the 
strmige disguises riieytustumdi 
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, jejttenfflve researches that hamt|^>liS^ 

cently made in this branch of comparotM^ .arM|f 
tomy, have supplied many facts ^hich tei|fi to 
suppoit the hypothesis that the bony coverings 
of the brain are the result of the developernep^ 
of three vertebrae. According to this theory, the 
first of these supposed cranial vertebrcBf beginning 
our enumeration from the neck, is the origin of 
the occipital bone, of which the lower part, oc 
that which immediately supports the cerebellum, 
corresponds to the body of the vertebra ; the two 
lateral portions, to the leaves; and the upp^ 
flat plate to the spinous process. The body of 
the second cranial vertebra becomes, in process 
of time, tlie posterior half of the sphenoid bonOi 
which lies in tlie middle of the basis of the 
skull; the temporal bones being formed by it^ 
leaves, and tlie parietal bones by the lateral 
halves of its spinous process. The third ciUf 
nial vertebra is constituted by the anterior ,h»lf 
of the sphenoid bone, which is its body, and 
the frontal bones, which are its leaves. This 
theory, which originated with Oken, has been 
further extended to the bones of the face, by 
Geoffrey St Hilaire, who conceives them to ^ 
likewise developements of several other su{^0i^« 
cranial vertebrae;* but the analogic? by 
the hypothesis is supported become, inoreffceld^ 

• in this theoiy of G. St. HSIaite of erniJai Wtft 

t»bT8e a seven, eath c<Hi^x>sed of B»e oleso^iiary pieces, , > ^ . 



ftfid*sfeif«|fdSied^a» ^ recede fk>m the n^dtfie of 

ether parts of tlie skeleton ttoay be 
tbgtieded aecessory to the spine: ahd tfiey ftre 

eihK)iting the same constancy' either in 
isStte ^er‘tittmber, as the vertebral Cohiinn. In 
j(Wne ihstences, as hi serpents, these accesiioi^ 
|[ihits are a!t<^ether wanting; in others, they 
it^ist'Oiily in rudimental states; and it Ss but in 
a ‘fc^ that they can be considered as having 
rehch^ their full developement. Iii ordee - to 
obtain a’ standard of comparison by which to 
^thtiatis air their gradations of eVolutioh, it trill 
he* best to consider them first in their nioi« 
petfiftfctJy developed forms, as they are pre- 
setited in die higher classes of quadrupeds. 
Ih the following descriptions, the skeleton of the 
Hdg=(Fig. 181) will be taken for the purpose of 
reforence. 

iuqihe ribs consist of arches of bone affixed »t 
tfeeh upper ends to the bodies of the vertebrae, 
and.’ also, by a separate articulation, to their 
transverse processes ; where, in general, they 
ate edlowed a slight degree of motion. Th^ 
primary use is to defend the vital organs si- 
fhated > in the region of the chest, or thoreud 
(4t^ely, the heart and the lungs); but they 
a^Msdbservient also to the fimcticnx of ra^ini^ 
ak^nate movements that are given 
to them by ^eir muscles. The two pants,, ,-af 
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whacliUhey are composed, often foraa 

l»y their junction, and at this angle a process 



occasionally extends, for the purpose of forming 
c<Hinexions with the neighbouring ribs. 

The ribs are connected in front with the 
breast bone, or sternum (a), often by the inter* 
vention of cartilages, which, from their simi* 
larity of form to the ribs, appear as continuations 
of them, and are provided apparently to eke out 
the remainder the semicircle. These cacti* 
lages, which have been termed the stemo-c&sidl 
appendices, often become ossified, either wholly 
or in part. 

The sternum is formed of nine dkmentaiy 
pieces, each proceeding from a serrate cepfte 
ossificatian. Two of these oocu|^ Uie end 
which h nearest to the head, four are latersd, 
and ftvo are sitiiated at the o^osite extremity: 
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0 ^ 01% being central and surrounded by 
rest. Few subjects in comparative osteology 
more curious and instructive than to trace the 
developement of these several elementary parts 
in the different classes of animals, from the ru- 
dimental states of this bone as it occurs in 
fishes, to its greatly expanded conditions in the 
tortoise and the bird, which severally exhibit 
the most opposite proportions of these elements. 

Last in the order of constancy come the bones 
of the extremities. As we ascend in the scale of 
animals we may observe the prevalence of a ten- 
dency to the concentration of organs, and conse- 
quently to the diminution of their number. 
While in animals of the inferior orders, which 
are possessed of extremities, we find a con- 
siderable number of legs; in all the animals 
comprised in the class of true insects nature 
has limited the number to six ; and in the 
vertebrata it never exceeds four. As in insects 
we observed that all the legs are divided into the 
same number of parts ; so we find among qua- 
drupeds a striking correspondence in the bones 
of the fore and the hind extremities. Both the 
one and the other are connected with the spine 
by intermedium of large and broad bones, 
which are intended to serve as a basis for their 
more secure attachment, and for giving, at the 
same time, ext^sive and advantageous purchase 
to the muscles, which are to move the limbs. 



TftE MECHANICAL FUNCTIONS, 

bttnes by which the anteri<W eittreiftity 
is connected with the trunk are the Made-hbtte^ 
or Scapula (b), which sends out a process called 
the coracoid hone; and the collar-bom, or the 
Clavicle,* which extends from the scapula to the 
sternum. The corresponding connecting bones 
of the posterior extremity are three in number, 
and constitute, together with the part of the 
spine to which they are attached, what is called 
the Pelvis (p). The part of the spine which is 
thus included in the pelvis, is termed the Sacrum, 
In its complete state of ossification it is a single 
bone ; but it was originally composed of a 
number of separate vertebrae, which have after- 
wards become consolidated into a single bohe, 
and which bear the marks of having been com- 
pressed from behind forwards during their growth, 
so that they could only expand laterally. The 
Vertebrae which succeed to these, and which arfe 
not consolidated with the sacrum, compose what 
is called the os coccygis, («), or more properly the 
coccygeal vertehrce: when they are sutficiently 
numerous to compose a tail, they come under the 
denomination of caudal verlelrr<E. The thtfee 

• 'This bone does not exist in tbe skeleton of the hog ; but tis 
fbmi and connexions with the sternum and scapula iU 'tbe 
brnnau skektonare shown in Fig. 182 ^ where s is the sktnfbb ; 
c,^ the clavicle ; n, the scapula,; a, the acromion; k, tlia cora- 
coid process; and g, the glenoid cavity for the articulation of 
the trattteYus. ' ■ ' ’ i. . 
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the pelvis, are the tjbe ischipm, 

a«4i They all concur in the formation 

large cup-like cavity, called the acetabulmn, 
which receives the head of the tJiigh bone (f), 
constituting generally the largest joint in tiu? 
body. 

A single bone composes the tirst division of 
each limb, both in the fore and hind extremities. 
In tlie foreleg it is termed the hutiierus (n), in the 
hind leg, tlie femur (v). The next division con- 
tains two bones, placed parallel to each other; 
they are in the former, the radius (k), and the 
uhsa (u) ; in the latter, the tibia (] ), and yi’ZiM/a (f). 
These are followed by a number of small, 
rounded or cubical bones, collected together in 
a. group, which constitutes the Carpus (w), in 
tlm fore leg, and the Tars^us (t), in the hind leg. 
I^qxt come a set of long cylindrical bones, com- 
posing the metacarpus (m), in the former, and the 
metatarsus (m), in the latter case. In the most 
complete forms of developement these are always 
five in number in each limb; they are placed 
generally parallel to each other, but are enve- 
loped in one common covering of integument. 
The Phalanges, or toes (z), are cylindrical bones, 
continued in a line from each of the former: 
they are generally three in number in each toe. 
To the last joint, which is often termed the un- 
gual bone, there is usually attached either a nail, 
a claw, or a hoof. Small detached bones are 





jmpHNitl^ li»BHliiitbe exterior jpMt><^ theani^ 
wliiclii'thejr form by their joaotitHi, serving ihie 
piarp^ of giving a more advaslageoiis pnsitiiMi 
to the. tendons of the mnsdes which ext^tid 
those joints. The patella, or knee pan** (x), is 
the largest of these, and is pretty constantly 
fH'esent. Smaller bones of this description are 
met with on the joints of the fingers, and are 
temed sesamoid bones. 

On comparing these divisions of the limbs of 
quadrupeds with those of insects we cannot fail 
to perceive that there exists between them a 
marked analogy : and that naturalists were not 
led away by mere fancy when they applied to 
the latter the same names as those borne by the 
fortper. This, however, is not the only instance 
of analogy that may be discovered between the 
structures of articulated and of vertebrated ani- 
mals, however strong may be the contrast which 
they offer in all the essential features of their 
conformation. The rings which compose the 
skeleton of the insect, and which enclose its prin- 
cipal nervous chords, have been supposed to have 
an analc^ with the circles of bone which consti- 
tute the primary forms of the vertebrae, and which 
contain the spinal chord ; although in the first 
cnse, it is true, other viscera are included within 
the arches, wherms none are contained in the 
last case. They agree, also, in having the head 
placed at one extremity, distinct from the trunk, 
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^e|Tke^ ctrgttffiadf l^e sbqmiI 
litdrtlier comi^esidiraiees hare been^ likiewise 
iro^ j in the mliititer anatomy of these povtsi, 
it would hm occiqpy too mdch sjmoe to 
examine in detail. 

/‘ An approximation is evidently made tolraitis 
a» internal skeleton in the cephalopodous mol- 
Insch'^ where we find a central body, cartila- 
ginous in some species, calcareous in others, 
in the Loligo it has a long and slender shape, 
and is pointed at the end like the blade of a 
•sword ; it bears, as we shall hereafter notice, some 
Tesemblance to the cartilaginous spine of the 
fish called the Myxim, or Gastrobranchm^ which 
does not enclose tlie spinal marrow, but only 
achnits it to pass along a groove in its upper 
edge. 

All these multiplied instances, when weighed 
together, and united in a comprehensive view, 
are sufficient to prove, that there exist very per- 
ceptible links of connexion among all the classes 
of grmted beings, even in those apparently the 
roost remote from one another. They render it 
ckar to the discerning eye of the philosophic 
nafiiralist, that all the races of animated beinp 
are members of one family, and the offspring of 
the same provident parent, who has matured all 
iiis plans on a deeply premeditated system, and 
Iwho dispenses all his gifts with the most salutary 
liagard.to the genml welfare of his. creatttrea*. 
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■■■’ ‘ FISHES. ■ 

I N' reviewing tiie series of animals which compose 
each 'great iHvision of this kingdom of nature, 
we constantly find that the simplest structures 
dnd niodes of progression are those belonging to 
aquatic tribes. Among vertebrated animals', 
the lowest rank is occupied by Fishes, a class 
comprehending an immense number of Species, 
which are all inhabitants of the water, which 
inhibit an endless variety of forms, and open to 
the physiologist a wide field of interesting re- 
senich. We cannot fail to perceive, on the nwst 
cursory glance, the beautiful adaptation of the 
fi#m and structure of all these animals to the 
properties of the element in which th^ am 
destined to reside; In order that the fidi might 
glide through the fluid with the least reastanoe, 
all Its vital organs have been collected into a 
emkll compass, and the body has been reduced 
iiitO 'the shape of a compact oval, compressed 
tdterally, and tapering to a thin edgeyboth before 
dnd behind, for t^ purpose of readily cleaving 
the Water as the fish* darUsHforwardt, and alBo-<tf 
bbvimiiig the reterdatriinrthat.]i|ighitiaFite 



FISHES, 


409 


the reflux of the water collected behind. With 
a view to diminish friction as much as possible, 
the surface of the body has been rendered smooth, 
and the skin impregnated with cal, which defends 
it from injurious impressions, and at the same 
time prevents the water from penetrating into its 
substance. 

The body of a fish is nearly of tlie same spe- 
cific gravity as the water it inhabits; and the 
eftect of gravity is therefore almost wholly 
counterbalanced by the buoyant force of that 
fluid : for the weight of a mass of water, equal 
in bulk to the body itself, is the exact measure 
(rf this buoyant force. If this weight were pre- 
cisely the same as that of the fish, the animal 
would be able to remain suspended in any part 
of the fluid without the necessity of employing 
any voluntary motion or exertion for that pur- 
pose: but as the body of a fish is genemlly a 
little heavier than the fluid medium, especially 
if it be fresh water, it is necessary for the animal 
to give its body some degree of motion, in order 
t© prevent its sinking. 

In land quadrupeds, the limbs have to perform 
the double office of supporting the body, and of 
effecting at the same time its locomotion : but as 
nearly the whole of the weight of a fish is already 
sustained by the element in which it is immersed. 
Its instruments of motion may be employed ex- 
diiuively < for progression ; and the- powerful 
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pressure, which supperts the body 
on aft sides, sapiMsedes the necessky erf ik&t eo^ 
ineshu^ rigidity of frame, which is essential to (iie 
safety of terrestrial animals. Hencd we fi*»d 
that in one whole tribe of fishes, the skeletoh is 
composed merely of cartilage; and, in all, it ea- 
Mbits much less of the osseous character than in 
the higher classes. The frame-work of the ske- 
leton, even of osseous fishes, has not the com- 
pactness possessed by that of quadrupeds or 
reptiles: the pieces which compose it are joined 
tc^ether less firmly ; many of them, indeed, 
remain in an imperfectly ossified condition, their 
elementary pieces being detached from one ano- 
ther, as if the usual process of consolidation had 
been arrested at an early stage. The texture of 
the bones of cartilaginous fishes corresponds to 
this primeval condition ; for it is composed merely 
of granules of calcareous phosphate, interspersed 
amidst the cartilaginous substance in detached 
masses, or presenting the appearance of coarse 
fibres, thinly scattered through the semitrans- 
parent bone. Compared with the quantity of 
gelatin which enters into their composition, the 
bones of fishes contain but a small proportion of 
earthy ingredient ; a circumstance which ex- 
plains the pellucidity of the mass, and the readi- 
ness with which the osseous fibres it contaii^ 
can lite distinguished. Another consequence of 
the want of density in the bones of fishes is, that 
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tibear MticHlfilioEs are leats r^lar and peifeet 
Ilian &e corre^onding joints of terrestrial ani- 
wtals; for it is evident that where the parts are 
and flexible, joints are not required. 

In the osseous fishes, the bony structures are 
more finished ; and they even arrive at a d^ee 
of hardness equal to that of the higher classes. 
But this developement is not uniform in all the 
bones; in the head of the pike, for instance, 
while some of the bones have acquired a great 
hardness, others remain wholly and permanently 
in a cartilaginous condition. The bones of fishes, 
however advanced in their ossification, never 
reach that stage of the process in which cavities 
are formed ; thus there is no space for marrow, 
nor even for the cellular or cancellated structure 
which we have noticed in the more perfect bones.* 



'foe general disposition of the bones which com- 
pose the entire skeleton will be understood from 
i^ig. 184, which represents that of the Cyprinus 


ij.iii * Cuvier, sur Poissous. Turn, i. p. 318.. < 
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ccffjPWvf^' WP* The musculpj* 
likp\y;i^,3pfter than that of the higher 
aird the cellular substance uwre attenu?ite4'Oiwi 
ngiore gelt^tinous ; so that the ipemi^awes 'Ufhiph 
it forms are of a looser and more pulpy teJtture-^ 
Progressive motion in fishes is efieoted by the 
simplest means, the principal instrument, emi 
ployed for this purpose being the tail, for th© 
fins, -as we shall presently find, are merely auxih 
liary oi^gans, serving cliiefly to balance the body 
■^yhile it receives its propulsion from the taiU. A 
fish moves in the water upon the same principle 
as a boat is impelled in sculling; for tlie aetiotr 
of the tail upon the water is lateral, like that 
of,, an oar, which it resembles in the vertical 
position of its plane ; and the effect is transferred 
by tlie resistance of the water to 
the body where the impulse oiih 
ginates. Let us suppose, for 
example, that the tail is slightlyi 
inclined to the right, as shown- 
in Fig 185. If, in this situar 
tion, the muscles on the left, side, 
tending to bring the tail m a 
right line with the body, are sud^ 
denly thrown into action, the resistance of the. 
water, by reacting against the broad surface of 
the tail in the direction pb, perpendicular to that 
surface, will cause fii© muscular action to give 
the whicfie body an impulse in that directieu $ and 
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the' of gravity, c, will mbve ohwai^s iti the 
directidn c b, parallel to p u. This imptilse is 
riot destroyed hy the farther flexion of the tail 
towards the left side, because the principal force 
exerted by the muscles has already been ex- 
pended in the motion from r to M, in bringing it 
to a straight line with the body ; and the force 
which carries it on to l is much weaker, and 
therefore occasions a more feeble reaction. 
When the tail has arrived at the position L, indi- 
cated by the dotted outline, a similar action of 
the muscles on the right side will create a resist- 
ance and an impulse in the direction of k l, and a 
motion of the whole body in the same direction, 
C'A. These impulses being repeated in quick 
aiccession, the fish moves forwards in the diago- 
nal c D, intermediate between the directions of 
the two forces. By bending the whole body 
ahfaost in a circle, and then suddenly straighten- 
ing it, fishes are often able to leap to the top of a 
high cataract, in ascending against the stream of 
a' river. 

Such being the plan upon which progression 
is to be eflfected, we find that every part of the 
nlecfaanism of the fish is calculated to promote 
ith fexecution. The principal muscular strength 
is bestowed upon the movements of the tail ; and 
the largest assemblage of muscles consists Of those 
which give it the lateral flexions that have been 
|ttSt des<a*ibed.' ' BOr this purpose all the finpor 
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tant TiscCTft are placed forwards, and crowded 
towards the head. No room is allowed for a 
neck ; and the abdomen may be almost regarded 
as continuous with the head, there being propeody 
no intervening thorax ; for the respiratory organs 
are situated rather beneath than behind the 
head. All this has been done with a view to 
leave ample scope for the prolonged expansitm 
oi the coccygeal vertebrae, and of their muscles, 
which compose more than half the bulk of the 
animal. 

Having seen how all impediments to the free 
motion of the tail have been carefully removed, 
let ns next inquire into the mechanism by which; 
mobility' has been given to that organ, llie fiwt 
fieeHdiaa'ity we meet with in the'shmeturefOlP 
foi© r^ine oif di^es fe the mode in which this 
vevtebrie ate connet^^ together. ‘ The bodiesiirf 
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edch -vertebra, as may be seen in Figures t 

and 1»7, are hcdlowed out, both before and 
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behind i (considering the spinal column as ex- 
tendetl horkontall)’), so as to form cup-like 
hdlows: by which means, where the concave 
surfaces of two adjacent vertebrae are applied to 
one another, a cavity, having the shape of a 
double cone, is formed by the junction of tlie 
margins of these conical hollows. These cavi- 
ties are distinctly seen laid open in Pig. 188^ 
which represents a vertical section of threie 
adjacent vertebrae of a cod. The edges that are 
in contact, are united all round by an elastjjC 
ligament, which readily yields to the bendings of 
the vertebrae upon one another by the apphban 
t«on o£ any force to one side of thi© spijQie, iii:id( 
rostoreslt to its formier state wheHitheToFoliitl^ 
e(^sed to act fThe extent i£totiopr^iifMi| 
jeiintdsibitt small; but being m#ti^e^iip 
^hideiseties, the resultingi ei^t is oonsuleEahle# 
The cavity itself is filled with a gelatinous, but 
fluid substance, which constitutes 
a spherical pivot for all the motions oftheioini 
This singultof kind of articulaticm woijtd ap- 
pear framed with a view to aMow of motim^lip 
directions. Here, however, the motioi^f are 
by the extension of the spinouslpro- 
ia tha preceding figures), wh4ch in 
fishes are of great length; so that they; effec- 
tually prevent all flexions either upwaMs ot 
downwai!ds,saad limit it to those frma ,to 
side. It is precisely these hitter kind of motions 
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tiii. PnicetlseiB <a similar fiitai on^^ap^lfii^^ 
(s, f),‘ and which impede &af 
dmimwards, are generally idso 'met ‘With M 
the lower sarfaoe 'of the ahd Taeie -erijp#* 

daily in <h« hinder portion of Aeeolutnn. 
aie the *n/fertar wpimm procemi, and. likfe ’the 
snpefior, they also form an arch, thfdigh 
which there passes the continnatidn of Hie 
abdominal aorta, or great artery which proehedlf 
down the back. The number of vertebrse is 
very various in different fishes : in some they 
are multiplied exceedingly, as in the shatk; 
where there are more than two hundred.* 

There are few parts of the structure of animals 
that exhibit more remarkable instances of the 
law of gradation than the spine of fisbeS, in 
which we may trace a regular progress of de?tfe*- 
lopement from the simplest and almost nuh- 
mental condition in which it exists ifi the 
Myooine and the *Lcmprey, to that of *tlMi jna^ 
perfect of the osseous tribes. Its condilidi, dh 
the fermd* nf theSb animtds, Resents ‘W ekbb' 
atiidogy ‘With 'some ‘ Sttttdvfre^ 'thht<'>are‘ 'a»et 
With ill the ’nmnuScWaS;^ Hhd' bven* Iti imtiiilhsi^' 
animals. * So nean^ is> Hih 'tbsemhldnce^ df’^e 

^ aittmMr^bonditihn bf the*!frhni^Wd%^d)f 
vermes, that doubts have often arisen * in* ‘Ihe 
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i|#| fin^^y .to be ranked among thifl tlatKtf 
<4gj|^ . . Ite prefenmoBa to be iueluded among tbe 
are» indeed^ but; aieoder ajad equir 
i ibr» bi place a aeriea benes ecwah 
pt^^iag Ibe vertebral column, it has merel^F a soft 
and'ftexible tube of a boim^eaeous and eartilai 
ginous substance, exhibiting scarcely any traoe 
of division into separate rings, but appearing as 
if it were formed of a continuous hollow cylinder 
of intervertebral substance, usurping the place of 
the vertebrse, which it is the usual office of that 
substance to connect together, and having in its 
axis a continuous canal filled witli gelatinous 
fluid. This, however, is not the channel intended 
for , containing the spinal marrow, for that ner- 
vons cord is on the outside of this column. The 
nmtUagc* indeed, sends out no processes to bend 
round tlie spinal marrow, and forms no canal fiar 
it|s imssage and protection. The nervous matter 
bene onnsiats merely of two slender cmds, which 
run , parallel to one another in a groove cm die 
nPPsW part of the «^al column; and < these 
cords are covered only by a thin membrane^ the 
pi;e^noe of ^vhich it requires very minute attenr 
tiftn, to detect. The partial protection thus af? 
fi^pded to so dmpertant an organ is not greater 
then that given, by the eartifciginoos lamina 
the cntfte-fish, vhmh dn form, texture# and 

I. E * 
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is very analogous to the ^ine of the 
actyxine^ i 

As we ascend from this rudimental condition 
of the spine, we find it, in the lamprey, more 
distinctly divided into rounded portions, appear- 
ing like beads strung together. These rudi- 
mental bodies of vertebrae have not yet com-' 
pleted the cup-like hollows on their two endsi, 
but are shaped like rings, being perforated in the 
centre, so as still to form a continuous canal 
throughout the whole column. 

Proceeding to more advanced developements^ 
we find, in the sturgeon and other cartilaginous 
fishes, a greater condensation of substance pro- 
duced by the deposition of granules of osseous 
matter ; the central canal becomes divided into 
lozenge-shaped compartments by the closing in of 
the sides of the body of each vertebra.* Fre- 
quently the sides do not quite meet, and the 
leaves, which are developed from the upper 
surfaces of the vertebrae, now form arches over 
the spinal cord, and are united above by spinous 
processes. Yet the whole skeleton in these 

* A small aperture still remains, establishing a communication 
between the (cavities the whole length of the spine. This is sup- 
posed to he designed to obviate the eompression of the fluid in 
the dififerent cells or cavities during tjie niotions of the spine. 
The vertical sections, Fig. 189 and 190, of two contiguous ver- 
tebra in different fishes, will convey an idea of this gradation of 
d^vdope^6iit« 
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fishes remains in the incipient stage of Deifi- 
cation, being more or less cartilaginous y and 
where the ossific jwocess has begun, it has not 
advanced the length of producing union between 
the pieces formed from the separate centres of 
Deification. Where they meet without uniting, 
they fonn no sutures, but overlap one another; 
Thus the bony structures are detached, and often 
completely isolated ; affording to the physiolo- 
gist an opportunity of studying the earlier stages 
of this interesting process, and marking with 
distinctness the number of the elements of each 
bone, and the relative situations of their centres. 
This knowledge is more especially of importance 
towards understanding the formation and con- 
nections of the bones of the head, which are 
very numerous and complicated ; and the inves- 
tigation of which has been prosecuted with ex- 
traordinary diligence by Geoffroy St. Hilaire 
and other continental zootomists. 

It is here, more especially, that we obtain the 
clearest evidence of the derivation of the cranial 
bones from vertebrae analogous to those of the 
spine. The occipital bone, in particular, corre- 
sponds to a spinal vertebra in all its ^sential 
elements. In many fishes, the body of this 
bone, being lengthened out to form the posterior 
phi^ Off fihe basis of the skull, becomes the baa^ 
lai* portion. We find, on its posterior ^dhce. 



THE iittiiinkUitMvv^tHaTaa. 

feiip-flkfe Ma in tiifef tffife 
is jbffieS ‘to tlie riekt verifeilira Itf ttife's6l«^ 
IteiHtief as the jq^inalkertebrse are jbmedtiyiStwili 
bthei’'. Its crest has the exact jAaj)e ltf‘'a''s^i 
nous ^ptbccss. In front the BasiMiC h^ne fa niliteii 
to the spenoM bonC, trhichi with' the ■eahfteSi tbOC 
that' epririgs fipm- the sides of both thd^e' botte#, 
like the leaves and spihous processes 'Of the Vei^ 
tehite, fotin together a long cranial Cavftjt. Thife 
cavity is placed in a direct line with the S|iiaai 
danal, and contains the nervous tuberdes ^liich 
constitute the brain. Yet the brain doCS' riot COiri- 
pletely fill this cavity ; for a ^pace is stilli left, 
which is occupied by a pulpy substance. Ih like 
maniier, the accordance of the otha* cranial botteS 
with vertebrae, has been attempted to' be trabfed'; 
but in proportion as we recede from the central 
parts of the spine, this cortespOnderic^ iS leris 
distiiict, in consequence of the various degrees 
of developement Miich these several' elements 
have received, in ordef to adapt them to particu- 
lar purposes relating to sensation, to the prehen- 
aipn and deglutition of the food, and also to 
aquatic respiratioii^ It is impossible, howeyqr, 
Wi^otst. exceeding the limits withia. which .1 
.. rnmt he^ confine mysdf, toeriter ittto'the'dfefedls 
<^.itiactuTe which wpuld be requisiite in order to 
Ceadkrthis aubjecf^ stifiicienMy intelligible,. ,, 

. ^ffie iest Of fire akeleten of fished is estV^nely 
* simple. In many, a« in the Itay and" 
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Aerfjj^e no ; libs. th;^ J^iea exisl;^ 

with the extremiities of the 
tr^ya^Y^pe -HFOcesses of tbe yertebwe, of whieh 
tbpy, appear to be merely continuations, or ap- 
pep4ire9- , ^here is genera^y no sternum to 
which they pan be attached beilo'*' • ^ few 

fiahes onlyi, such as the herring and the dory, we 
hnd rudiments of this bone, consisting of a few 
pieces placed in a line on the lower part of the 
trunk.* 

, 'J'he parts of the skeleton of fishes, which cor- 
respond to the ai'ms and legs of quadrupeds, are 
the pectoral and ventral fins (marked respectively 
by the letters p and v in Fig,, I 84 ). The forija^ 
are met with, with but few exceptions, in all 
fisbos ; and they consist of a series of os^us 
;pieces, in which we may often recognise with tole- 
rable precision the analogous bones composing 
the anterior extremities of a quadruped ; such as 
the scapula, clavicle, humerus, ulna, and radius. f 
Thepe two latter bones are very distinctly marked 

. ♦ The arebee arising from the akuH, which Support the 
branchise, or gills, have been considered eis the bones edrres^nd- 
ing^ to the ribs of terreatnal quadrupeds ; and pf this view were 
taken of them^ it would tend to confirm the analogy of the cni- 
ni^ bones ^ spiipal vertebrae. 

t Those anatomists who are fond of pursuing the theory of 
aipaldgies, rnaintaiu that all these bones are merely develo^^emenrU 
of certain ribs, procetedlng from the spine in its anterior pants. 

|o the.piecef of hope to^which 
; but it » difficult tp reconcile thU 
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iH JLophiiis pisealorius, or Angler, as may lie 
seen in Fig. 191, where b is the scapula ; c, the 
davicle ; u, the ulna ; and r, the radius. The 



Carpus may also be recognised in a chain of 
small bones, w, interposed between the radiuts 
and the Phalanges, z. In the Rap these pha- 
langes are very numerous, and each is divided 
into several pieces by regular articulations : 
these are shown in Fig. 192 : they are arranged 
close to one another in one plane, and form an 
effectual base of support to the integument which 
covers them. The scapula, according to Cuvier, 
is sometimes detached from the rest of the ske- 
leton, and at other times connected with the 
spine : in most cases, however, it is suspended 


ttieory with the fact that these bones do not proceed from the 
sime, and are quite detailed from the rest of the skeleton. It 
is evident, therefore, that if they are to be considered as analo- 
gous to the bones of the hinder extremities in the mammalia, 
they ire in a condition of very imperfect developement. . 
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fipm tho cranium ; a fact which may be cited 
in further corroboration of the analogy which 
the cranial bones have to vertebrae. 

In the ray and the shark tribes, both the ante- 
rior and posterior extremities are supported by 
arches of bones, forming a sort of belt. This 


193 ^ structure is an ap- 

y:;:^ P^o^^ch to that which 

^ obtains in many rep- 

tiles, and indicates a 

further step in the regular progress of develope- 
ment. This belt in the ray is shown in Fig. 19.3. 

In examining that part of the skeleton of fishes 
which corresponds to the jmsterior extremity, we 
observe the total absence of both femur and 
tibia ; but the bones of tlie toes are attached to 
a set of small bones, which appear to act the 
part of a pelvis, but which, in consequence of 
their not being connected with the spine, have 
no determinate situation, and are found at various 
distances from the head in different fishes^ 


They appear emancipated from the restraints to 
which they would have been subjected had they 
been fixed to a sacrum, or to any particular 
part of the spine: and we find them, accord- 
ingly, often placed considerably for^^ards ; and 
in some instances, as in the Subbrachimi, even 
anteriorly to the pectoral fins, which are the 
true arms of the animal. But in brie whole 


order of fishes, the Apodes, there is pot even a 



^wwiiwfppysip^lyilc.lw^ 
j^wwiiied ibivtAbew is idteriJiMie 

\witb <th6 JE^ibe Species 

tibeiie israjiso fa toti^l abaeiKse tef p^^taliA&»iflll 

:"' •■?!<'. -'j ! • 'Mhlr, 

!■’ The d(»«al fins aae «apported;jby*(at series, of 
elenfiesr bones (n .F^« 184), which: are joined to 
tbe .spiiMyuS iprocesaen of the yertpbaree, and >are 
jfo^ed frehai dietioet eenttres of ossifiSeatlon. 
These rays, as they are called, are sometimes 
destined to grow to so eeaisideraMe a length, as 
to leqnire being subdivided into man^ puedee, 
in ^der to lessen the danger of fr«:tnre,; to 
whioh.a tery long filament of bone would have 
be^ exposed, and also to allow of a grcator de> 
geee of fiexibility^ These riays assume branched 
forms from the further subdivision of their parts, 
and when, for the purpose of adding strength to 
the fin, it beccmies necessary to multiply the points 
of support, intermediate bones are dc^^oped, 
serving US the^ bpis of the rays. Convenience 
requires that th^ ^ould be detached from the 
ends of the spinous processes, which is their 
bsdid position, and f^ced>betu^en4hean!: when 
iin.tMs aititation, they bear the name of iViitfr- 
tpilwtts .A<mes.j«and when a still greater len^h 
M losseeus iSupport i« wantedif mswocbnto^t^of 
ossifibafimr /age devek^ped at :ilheii! exttmnkies, 
,gifiing.fibsie,to of addifionsl pieces, jchied 

endato ^etsdininud! qa^yingt tmjt^he intersi^das 
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|h^ ray ^hich lermbateE it, to « con- 
«iderattle ^istatiCe. Tbie atractore fe distinctly 
Jteen- iil' thfe sinall dO!is»l fins of lb# Mackwel. 

tins,, ^hich are ^tuated oii the lower 
side of the body, in the vertical plane, and next 
to the tail, ara^ in Mhe manner, SuppoPted by 
• f a^s/hayktg the same parallel, or fan-like arrange- 
mehtaa the preceding. The caudal fin, or ter- 
minal 'expaniMon of the tail has also a similar 
striiotune. ' 

The muscles offices compose a large portion 
of ^ bulk of the body, but they are arranged 
in a less complex manner than those of the ani- 
mals of the higher classes. Those which appear 
ilnmediately underneath the integuments are 
shown in Fig. 194, where m, m are the great 



lateral muscles, producing the flexion of the 
body -and tail: d is the dors^ fin, which is 
raised by the muscle d; p, the pectoral fin, 
expanded by the muscle p : v, the ventral fin, 
meivi^^by the musclfes aitnated at v; a, the anal 
fiB^ in like manner moved by musclei at its 
base a : and c, fiie caudal fin, thd musdles for 



4S^ THE MECHANIC Ai:< FUNCTIONS. 

which tore #een Bt ct o is the 
lumi orfeip, which fCovCTs the gilfa: and n, the 
nasal cavities; er organs of smell. The form ^ 
the body^ and disposition of the skeleton, allow 
of their * being; insmted immediately on the parts 
which they are intended to approximate. Hence 
the use of long - tendinous chords is dispensed 
with.*’>. . ' 

The actions of the muscles are easily under- 
stood from the nature of their insertions. In 
general, the direction of the fibres b in some 
degree oblique, with reference to the motion 
performed. Two series of muscles are provided 
for the movements of the tail, which consist 
almost exclusively of lateral flexion, the whole 
spine in some degree jMirticipating in this motion. 
These muscles occupy the upper and lower 
portions of the trunk ; their limits being strongly 
marked by a line runnmg longitudinally the 
whole length of the body on each side; The 
inclination of their fibres is somewhat different 
in each; The advmitage in point of velocity of 
action which results from this obliquity has al- 
ready been pointed out. 

Those fins which are in pairs are capable of 
four motions ; namely, those of flexion and ex- 

P^lLw^n ihf, layers flesh, however, jtliere occur slender 
semi-transparent tendons, which give attachment to a series of 
short muscular fibres, passing nearly at right angles between tiie 
smfaices of the adjoining plato. 8e^ Sir A, Carlisle*s accddttt 
of tb^Btructure in the Philosophical Transactions for 1806. 
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tenffiKMi, and also those of expanding and closing 
the rays ; for each of which motions appropriate 
muscles iMfc provided: and indeed ^ch ray is 
furnished with a distinct muscular apparatus for 
its separate motion ; and these smaller muscles 
regulate with great nicety all the movements of 
the fins, expanding or closing them like a fan, 
according as their action is to be strengthened 
or relaxed. This feathering of the fin, as it 
may be called, takes place in most fishes, and 
is particularly observable in the tail of the Esox, 
or pike tribe. Each ray of these fins, indeed, is 
furnished with a distinct muscular apparatus, 
for its separate motion. 

Whatever analogy may exist in the structure 
of the fins of fishes and the feet of quadrupeds, 
there is none in the manner in which they are 
instnimental in effecting progressive motion. 
The great agent by which the fish is impelled 
forwards is the tail : the fins, which correspond 
to the extremities of land animals, are useful 
chiefly for the purposes of turning, stopping, or 
inclining the body, and for retaining it in its 
proper position. The single fins, or those which 
are situated in a vertical plane, passing through 
the axis of the body (the mesial plane), prevent 
the rolling of the body, while the fish darts for- 
wards in its course. The fins that are in pairs 
(that is the pectoral and the ventral fins), by 
their alternate flexions and extensions, act like 
oars ; while they are capable, at the same time. 



41 ^ 

?»d of clowg Ap, WP» 

<^i^i»g ^jyittjLDg of a fa», awp^rdii^, aa,^|»^ir 
is, required to be effective qr t;he 
441 thpse apxiUsry iustruraeuts pjot p1m« 4K( 
Yjipeablq iu modifyiug tbe difeqiljVjn, ^ajid pd- 
jqsdng ,4»e vpriptipps of force dpriyed {from the 
ipipulf 9 the tail, They ure employed. aJso in 
Suddeidy«chficliing o? stoppiug the modpn, and 
giviug it a more rapid acceleration. Bat still 
tb# tail if the most jmwerful of the t instruments 
ibr pfogressiop, being at once a vigorous oar, au 
accurate rudder, and a formidable weapop pf 
offence. 

Independently of these external instruments 
of progres^on, most fishes are provided witfi in- 
ternal means pf changing their situation in the 
water. The structure by which this effect is 
accomplished is one of the most remarkable in- 
stances that is met with of an express con- 
trivance for a specific purpose, and of the, em- 
ployment of an agency of a class different /rpm 
jtbat of the mechanical powers usually resorted 
to for effecting the same object. We have seen 
that if |he body of a fish were heavier than an 
equal bulk of water, apd if no muscular exertions 
were made, it must necessarily descend in that 
fluid. If, on the contrary, it were specifically 
tighter, it would as necessarily rise te the f nrfoee. 
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ii4S4ns' of’ ‘ifsing *6r sinking' iHtlioiit 
calling' iiitd a6tibn either the fins or the tail. 
^eh’‘is ^tecisel^ the object of a peetiliar me- 
chhhism,’ \^Mbh nature has provided in the 
intferioi' of the body of the fish. A large blad- 
dei", filled With air, has been placed immediately 
under the spine, in the middle of the back, and 
above the centre of gravity. This is known by 
thb name of the air-bladder, or the stvimming 
bladder, ’and in the cod-fish it is called the sdund. 
It frequently, as in the Carp, consists of two 
bladders (a, b, Fig. 195 ) joined endwise, and 



communicating with each other by a narrow 
neck.* "tV^hen distended with air, it renders the 
.whole fish specifically lighter than the surround- 
ing water ; and the fish is thus buoyed up, and 
remains at the surface without any eifort of its 
own. On compressing the bladder, by the action 
of, the ^urrouudmg muscles, the included air is 

*’^erB k g^e«t Valiety tB ther forrt and atruclure Of ^tile 
ai»Madiier'jky differeirt fiihefc kontetimea it ooot|dit4 a iafgje 
jgJAUd^llAr ipp,dy of ^.p^cfilijir »tructure, which has b^n 
tured to W AO apparatus for seCretbg air from the hloo^ ; but 
it'lsb^ no nJeahs very gesferally With. ' ‘ ' 
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condensed, the s{»ecific gmvityeif the wh<de body 
is increased, and the fish sinks to the bottefh. Oh 
leasing the same mnscles, the air reCd^tf its 
former dimensions, and the fish is again ireh- 
dered buoyant. Can there be stron^r evidC^cce 
of design than the placing of this hydrostatic 
apparatus, acting upon philosophical piinciples, 
in the interior of the oi^anization, for a purpose 
so definite and unequivocal ? 

, In several tribes of fishes there is a canal 
{c n) establishing a communication between 
this bladder and the stomach, or the gullet (o) ; 
so that by compressing the bladder, a quantity 
of air may be forced out, and a very sudden 
increase of specific gravity produced ; followed, 
of course, by a quick descent. When, by any 
accident, the air bladder has been opened, or 
has burst, so that all the air has escaped, the 
fish is seen to grovel at the bottom, lying on its 
back, and can never afterwards rise to the sur- 
face. On the other hand, it occasionally hap- 
pens that a fish which has remained too long at 
the surface of the sea, exposed to the scorching 
rays of a tropical sun, suddenly finds itself re- 
tained against its will at the surface; because 
the bladder has become over distended by the 
heat, and resists all the efforts which the animal 
can make to compress it. It thus.' Cdutmiies 
t uaitil* the itsooihdss ’ioff’*Sie' taight'^lfS^ 
agmn^)om»denqedi<fihel aiUiiiihthe 
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former bulk, restored the powi^r' of de- 
scendingi • • ' ' 

Some tribes of fish are totally unprovided 
with an air-bladder* This is the case with the 
flounder, the sole, and other genera of a flat 
shape, forming the family of Pleuromsetes. They 
are, chiefly inhabitants of sand-banksj or other 
situations w'here they are comparatively sta- 
tionary, seldom moving to a distance, or rising 
much in the water ; and when they do so, it is 
with manifest efibrt, for their ascent must be 
accomplished entirely by the continued beating 
and flapping of the water with their expanded 
pectoral fins. It is only the larger fish of tliis 
form, such as rays, which have very voluminous 
and powerful pectoral fins for striking the water 
downwards with considerable force, that can rise 
with facility without the assistance of an air- 
bladder. In these, the lateral fins, which are 
enormous expansions of the pectoral fins, may 
be compared to wings, their vertical action on 
the water being similar in effect to the cor- 
responding movements of a bird, when it rises 
vertically in the air. Those fishes which swim 
r^idly, and frequently ascend and descend in 
the water, are in general provided with the 
largest air-bladders. 

In studying the varieties presented by the 
foimi^i df the fins in different tribes of fisbe«(, - We 
IWddheMaarite oonstanttirelarion presewed' w^h 



432 THE MECHANICAL FUNCTIONS. 

the particular situations and eircitmstanoes ih 
which they are placed. The dorsal fiirs, #hich 
are more especially useful for steadying the 
body, are longest in those fishes w'liich inhabit 
the most stormy seas. The most voracious 
tribes, which incessantly imrsue their prey, are 
furnished with most powerful muscles, and 
I)0sse8s the greatest means of rapid progression. 
On the other hand, many of tlie more pacific, 
and weaker species are studiously guarded 
by a dense and hard integument, serving as a 
shield figainst the attacks of enemies, and often 
armed witli sharp points, which are suliickait to 
repel the most daring assailant. The Baiisteo 
is covered with scales of singular hardness 
closely set together, and frequently having 
rough edges. The Ostrurion, or tnink fish, 
instead of these scales, is provided with a kind 
of coat of mail, composed of osseous plates, 
curiouslj' joined together, like a tesselated pave- 
ment, and reminding us of the arrangements 
w'e have seen adopted in the calcareous cover- 
ings of the echinida. 

Some of die cartilaginous fishes are in like 
manner protected by calcareous plates, appended 
to the integuments. Tiiere is a row of jdates of 
this kind, of a quadrangular sliape, winch pass 
along the middle of the back in the sturgeon : 
and the whole body of the Ostracion, or Trunk- 
fish is covt'red with osseous scales. All these 
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ll8ive Jticr immediate rd^tami to the ahekston, but 
Rite , apparently remnants di inferior types, ■of 
wJimh one of the prevailing dbaracters is the 
mtterntyi situation of the protecting organs. 

JDwdons and Tetrodons are r^mrkable fiw 
being prpvided with the means of suddenly 
assuming a globular form by swallowing air, 
whicli, passing into the crop, or first stomach, 
blows up the whole animal like a balloon. Thfe 
abdominal region being tlius rendered the 
lightest, the body turns over, the stomach be- 
coming the uppermost part ; and the fish floats 
upon its back, without having the power of 
directing itself during this state of forced dis- 
teatdon. But it is while lying thus bloated and 
passive at the mercy of Uie waves, that this 
animal is really most secure ; for the numerous 
spin^, with which the surface of the Ijody is 
imivemally beset, are raised and erected by the 
stretching out of the skin, thus presenting an 
armed front to the enemy, on whatever side he 
may venture to begin the attack. 

There is a numerous family of fishes, found 
in dm seas of India, so constructed as to be able 
to crawl on land to some distance from the 
sbore^ One of these, the Perea scemdens, is even 
capable of climbing <m the trees which grow on 
the-coRSti’'* ‘ 

* See tlie account given by Lieutenant Daldorff ; Linncan 
Ttaniaefions, HI. 62. I shkl! have <kcasion to notice, 'fn Ae 
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If we consider the density of the mediunr 
which fishes have to traverse, the velocity witli 
which they move will appear surprising. They 
dart through the \rater with apparently as much 
ease and rapidity as a bird flies through the 
air. Although this may partly be accounted for 
by the size of their muscles, and the advan- 
tageous mode of their insertion, yet these ad- 
vantages w'ould avail but little, were it not 
for the sudden manner in which their power 
is exerted. Where the great length and flexi- 
bility of tlie spine tend to impair tlie force with 
which the tail strikes the water, the resulting 
motion is slow and desultory, as is the case with 
eels, and otlier fishes of the same elongated 
cmistruction.* Most fishes, however, move with' 
the utmost rapidity, and with scarcely any 
visiWe etfort ; and perform long journeys withbut 
apparent fatigue. The Salmon has been known 
to travel at the rate of sixteen miles an hour for 
many days together. Sharks often follo'y ships* 
across the Atlantic, not only outstripping tfteni' 
in their swiftest sailing, but playing round them 
on every side, just as if the vessel were at rest. 


sequel, the remarkable conformation of the respiratory orgatt^ of» 
these and other fishes^ which enable them to live for.a ^ipie 
out of their natural clement. 

♦ Carlisle, Phil. Trans, for 1806, p. 9. » . < ^ 
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REPTILIA. 


1 . Terrestrial Vertehrala in general. 

The numerous tribes of vertebrated animals 
which are strictly terrestrial, or destined to nu*ve 
on land, differ widely in their modes of pro- 
gresfflon, and in the meclianical advantages of 
their formation. The greater number are qua- 
drupeds ; some formed for climbing trees, others, 
for burrowing in the earth ; some for treading 
oji sandy plains, some for scaling precipices. 
A few seem scarcely capable of advancing; 
others outstrip the winds in fleetness. Some 
families of reptiles are entirely destituU; of any 
external organs of motion, thii whole trujik of 
the body resting on the ground : while man oc- 
cupies a place where he stands alone, being 
distinguished by the exclusive facidty of per- 
manently sustaining himself on the lower <!xtre- 
mities. 

In reviewing the developements and the mecha- 
nical functions exhibited by so great a diversity 
of structures, I shall commence with an exami- 
nation of those amphibious reptiles which appfsar 



430 


THE MECHANICAL FUNCTIONS. 


to form an intermediate link in the chain con- 
necting the strictly aquatic, with the terrestrial 
vertehrated animals : then, taking up this latter 
series, I shall consider the more simple confor- 
mation, and less perfect motions of terrestrial 
animals destitute of limbs ; and gradually ascend 
to those in which the support and progression of 
the body is elFected by extremities, more and 
more artificially formed : concluding with the 
human structure, which terminates this extensive 
scries. 


§ ’i. Ifntrac/tin. 

The order of Balr(u:hia, or Amphibious Rep- 
tiles, constitutes the first sU'p in the ti*ansition 
from aquatic to terrestrial vertebrata. It is more 
particularly the function of respiration that re- 
quires to be modified in consequence of the 
change of clement in which the animal is to reside; 
and as if it had been necessary, conformably to 
the laws of animal creation, that this change 
should not be abruptly made, we find that Ba- 
trachiau reptiles, with which this series com- 
mences, are constructed at first on the model of 
fishes ; breathing the atmospheric air contained 
in the water by means of gills, and moving 
through the fluid by the same instruments of 
progression as fishes, which indeed they exactly 
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resemble in every part of their mechanical 
formation. The tadpole, which is the young of 
the frog, is at first not distinguishable in any 
circumstance of its internal skeleton, or in the 
disposition of its vital organs from the class 
of fishes. The head, indeed, is enlarged, but the 




body immediately tay>ers to form a lengthened 
tail, by the prolongation of the spinal column, 
which presents a numerous scries of coccygeal 
vertebra*, furnished with a vertical expansion of 
membrane to serve as a caudal fin, and with 
appropriate muscles for executing ail the motions 
required in swimming. The ajqit^arance of the 
tadpole in its early stage of dmeiopement is seen 
in Fig. 107 and 108, the former being a side, 
and the latter an upper view of that animal. 

Yet with all this apjiarent conformity to the 
structure of a strictly a<}uatic animal, the tad- 
pole contains within its organization the germs of 
a higher developement. Preparations are si- 
lently making fora change of habitation, for the 
animaFs emerging from the waters, for the re- 
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of atmospheric air into new catitie«',‘for 
the acquisition of limbs suited to new modes of 
progression ; in a word, for a terrestrial life, and 
for all the attributes and powers which belong to 
quadrupeds. The succession of forms, which 
these metamorphoses present, are in themselves 
exceedingly curious, and bear a remarkable ana- 
logy with the progress of the transformations of 
those insects, which in the first stages of their 
existence are aquatic. To the philosophic in- 
quirer into the marvellous plans of creation, the 
series of changes which mark these singular tran- 
sitions cannot fail to be deeply interesting ; and 
occurring, as we here find them, among a tribe 
of animals allied to the more perfect forms of 
organization, they afford us a better opportunity 
of exploring the secrets of their developement 
by tracing them from the earlier stages of this 
complicated process so full of mystery and of 
wonder. ■ ' 

The egg of the frog (Fig. 1 96) is a round 
mass of transparent nutritive gelly, in the cen(?rc 
of w'hich appears .a small black globule. By 
degrees this shapeless globule exhibits the ap- 
pearance of a head and tail, and in this farm it 
emerges from its prison, and moves briskly* in 
the water. From the sides of the neck there 
grow out feathery tufts (Fig. 1^, b, b), which 
float loosely, and without protection, in the SHr- 
rounding fluid. These, however, are mefretem- 
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|>orawyi <orgatt8, for they serve the purposes of 
Te^Hration, only until the proper gills are formed, 
and they then db^rink and become obliterated. 
The true gills, or brauchm^ are contained within 
the body, and ore four in number on each side, 
constructed on a plan very similar to those of 
fishes. Hetaining this aquatic ooustitutian, Uie 
tadpole rapidly increases in size and in activity 
for several weeks. In the mean time the legs, of 
which no trace was at first apparent, have 
cwnmenced their growth. The hind legs are the 
first to make their appearance, showing tlieir 
embryo forms within the trausparent coverings 
of the lihuler j>art of the trunk, just at the origin 
-of the tail. These are soon succeeded by tiie 
forelegs, which exactly follow the hind legs in 
all the stages of their developemeut, until they 
Jiave acquired their due proportion to the size of 
the trunk. The animal at tliis period wears a 
very ambiguous appearance, partaking of the 
;forms both of the frog and of the lizard, ?and 
swimming both by the inflexions of the tail, and 
the irregular impulses given by flic feet. Tfiis 
iaterval is also employed by this amphibious 
jbeingi in acquiring flic faculty of respiring af- 
mo^ieric air. We,, observe it rising every now 
and: flien to* the surface, and cultivating its 
acquaintance with that element, ipto wlfich if is 
soon, to, be raised ; occasionally taking nn.-n 
mouthful of air, which is reci^ived, ,im(0 fininewly 
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d^j^op^ jUia^, and ailerwajpda di^ehai^Wgnit 
in the form of a small hiihhle. Whentlie^ »ec€)a- 
aafy intenual changes are at length c^pl^ted, 
prepar^ons are made for getting, rid of the . tad > 
which is now a useless member, and which, 
ceasing to be nourished, diminishes by degrees, 
leaving only a short stump, which is soon re- 
moved. The gills are by this time shrunk, and 
rapidly disappear, their function being super- 
seded by the lungs, which have been called into 
play; and the animal now emerges from the 
water and begins a new mode of existence, having 
become a perfect freg (Fig. 109). ' It still, how- 
ever, retains its aquatic habits, and swims with 
great ease in the water by means of its hind 
feet, which are very long and muscular, and of 
which the toes are furnished with a broad web de- 
rived from a thin extension of the integumeals. 

No less curious are the changes which .take 
place in all the other organs, for the purpose of 
effecting ^e transformations reSidered r^cessary 
%; ,thi9 entire alteration in ail the extSemal -oir- 
cuntstances of that animal, — this total reversal 
of its wmits, of its habits, of its function, and of 
its veary constitution. I shall have occasion to 
.notice several of tliose transitions when roview- 
ipg the other functions of the animal , economy : 
b«fc at piesent our concern is chiefly; with she 
structure of the frame in its mechanical rdatioOts 
tp progressive motion. ,iln order to fotnu a cor- 
rect idea of these relations it will be uecbssary 
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to BotelCe the lettdiilg peculiarities of the skele- 
tons of this tribie of animals. 

The skeleton of the adult frog is shown in Fig. 
^00; from wiiich it will be seen that the spinal 



column is comparatively much shorter than that 
h^es, or indeed of arty other class of animals; 
. for it consists of only eight vertebree, exclusive 
of those which have united to form the os coc- 
cy^is. It was eindently the intention of nature 
to consolidate the frame-work of the trunk, in 
which flexibility was not r^uired for progressive 
motioti : the performance of that fonction being 
tnmsferred to the hind extremities, vrhich are 
exceedingly large in proportion to the rest of the 
bodyi. Thfere is a tendency in every part of tMe 
dceieton todevelope itself in a trdnsverSe direc- 
tion, while the trunk is shortened as ' tnuch as 
possiMe. 5’ -i ■ i-' ' ' '' 
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The mode in which the vertefeirae hre artifetti^ 
lated together differs widely fixMn what we haFfe 
seen in fi^es, and approaches to the structure' of 
the higher classes of vertebrata. Itie body' of 
each vertebra, instead of having at its posterior 
surface a cjup-like cavity, terminates by a pro- 
jecting bail, which is received into the cavity in 
the anterior surface of the next vertebra, so as 
to compose a true ball and socket joint, capable, 
when other circumslances permit, of a rotatory 
motion. But the vertebra; of the tadpole, as we 
have seen, are constructed on the model of those 
of a fish ; that is, have cup-like cavities on both 
their surfaces, which play on balls of soft elastic 
matter ioter})osed between them. We should 
naturally be curious to learn the mode in which 
the transition from this structure to that of aim 
frog is accomplished. By carefully watchinig 
the progress of ossification, while this change, is 
taking place, Dutrochet found that the gelatinoma 
ball, on which both the adjacent vertebra; : play 
in the tadjmle, becomes gradually msore .scdid, 
and is converted into cartilage. This cartilagn 
afterwards becomes united by its antco'ior surface 
to the vertebra which is in front of it ; and’ the 
whole then becomes ossified, so as to compose 
only one bone, its posterior surface remaiinii^ 
dikinct, and contimiing to play whhin the chp- 
like hollow' of the* vertebra wdiich is behind 
The cartilaginous coccygeal ;vertiebraB of the tad-* 
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jwle are lost long before there is time for their 
being ossified ; but those nearest to the body are 
consolidated into one long and straight os coccy- 
gis, which being joined to the sacrum at an angle, 
gives rise to the strange deformity observable at 
tliat part of the hack of a frog ; for it here looks 
as if it had been broken. The spinal cavity is 
at tlie same time obliterated, that jjortion of 
the spinal marrow which had passed through it 
in (he a<piati(! life of the animal being now with- 
drawn. 

The theory of the si)inal origin of the cranial 
bones receives considerable support I’rom their 
structure and relative position in the skeleton 
of the frog. The cavity for the lodgement of 
the brain, which is enclosed by these vertebraj* 
is perfectly continuous in the same line wjtl> 
the spinal canal, which, indeed, it scarccJy 
exceeds in its diameter. The bones of the face 
are, at the same time, expanded laterally, • so 
as to betir no proportion to the cranial cavity. 
The head plays on the vertebral column by two 
lateral articular surfaces, formed upon the root 
ofjeach leaf of the occipital bone, while its body, 
or basilar jmrtion, is scarcely connected with 
the first cervical vertebra, and lias no articular 
sairface. . • * 

In place of ribs, we find only snxaJi slendyn 
detached bones, or rather cartilages, affixt*lito tbo 
extremities of the transverse ptoeeaiises of some 
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of^ Jii^e vertebra. They may be regarded as 
rjtt^mental ribs.* 

The pelvis consists of two slender and elon- 
gated iliac bones, which are extended backwards, 
and which, at their anterior extremities, merely 
tench the points of the transverse processes of the 
last vertebra of the back. This vertebra is much 
broader than the rest, and although it consists 
but of a single vertebra, must be considered as a 
sacrum. The two pubic and ischiatic bones are 
exceedingly small, but still contribute to form the 
acetabulum, or cavity for the reception of the 
thigh bone, at Uie hinder extremity of the slender 
bones above mentioned. This is the simplest 
possible form to which the pelvis can be reduced, 
while it preserves its attachments to the spine. 
It presents in this respect a more advanced stage 
of deyelopement than that of fishes. 

The connexion of the bones of the anterior 
extremities witli the spine is analogous to that 
which takes place in rays and sharks : there 
being an osseous belt formed by the scapula, 
clavicle, and coracoid boue, with the latter of 
which the humerus is connected. The sternum 

* TJie plan of reproductioo in these animals requires that the 
ovary, or organ which contains the eggs, should be capable of 
enormous dilatation, in order to contain the immense bulk to 
which these eggs are expanded, previous to their being brought 
forth. It was probably in order to make room for this dilated 
ovary that the ribs have not been developed. 
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is large, and considerably developed ; making 
some slight approach to the expansion it receives 
in the Chelonia. The radius and ulna are united 
into one bone : the bones of the arm arid leg in 
general resemble in their figure and connexions 
those of the higher orders of 3Iammalia, to the 
type of which this order of reptiles is evidently 
making an approximation. There are five toes 
in the foot, Mith sometimes the rudiment of a 
sixth : the anterior extremity has only four toes, 
which are without claws. 

The necessity of employing the same instru- 
ments for progression in the water and on land, is 
probably the cause which prevents their having 
the form best adapted for either function. The 
hind feet of the frog, being well constructed for 
striking the water backwards in swimming, are, 
in consequence, less capable of exerting a force 
sufficient to raise and support the weight of the 
body in walking : and this animal accordingly 
is exceedingly awkward in its attempt to walk. 
On a short level plane it can proceed only by 
leaps ; an action M'hich the length and great 
muscularity of the hind legs particularly fit 
them for performing. The toad, on the othfif 
hand, whose hindlegs are short and feeble, walks 
better, but does not jump or swim so well ai the 
frog.* The Hyla, or tree-frog, has the extremitig^ 

* It is singular that tlie frog, though so low in the scale 6f 
vertebrated animals, should bear a striking resemblance to the 
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of each of its toes expanded into a fleshy tubercle, 
approaching in the form of its concave surface 
to that of a sucker, and by the aid of which it 
fastens, itself readily to the branches of trees, * 
which it chiefly inhabits, and along which it ruttS^ 
with great agility. . s s ■ 

Tim Sahnmnder is an animal of the same class 
as the frog, undergoing the same metamorphoses 
from the tadpole state. It difiers much, however, 
in respect to the develojiement of particular parts 
of the skeleton. The anterior extremities of the 
salamander make their appearance earlier than 
the hind legs, and the tail remains as a perma- 
nent port of the structure. The rudimental nbs 
are exceedingly small, and the sternum continues 
cartilaginous. The pelvis has no osseous con- 
nexion with the spine, but is merely suspended 
to it by ligaments. The land salamanders have 
a rounded tail, but the aquatic species, or Tritotis, 
liave it compressed vertically; thus retaining 
the fish-like form of the tadpole, and the same 
radiated disposition of the muscles. ' 

'll* 

human conformation in its organs of progressive motion. This 
arises from the exertions which it makes in swimmmg being 
similar to those of man in walking, in as far as tliey both result 
from the strong action of the extensors of the feet. Henc6 we 
find a distinct calf in the legs of both, produced by the swelling 
of similar muscles. The muscles of the thigh present, also, many 
analogies with those of man ; particularly in the presence of the 
long muscle called the sartorim, the use of which is to turn the 
foot outwards, both in stepping and in swimming. ’ . 
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^3. Opkidia. 

In (iie class of serpents we see exemplified the 
greatest possiWe state of simplicity to which a 
vertebrated skeleton can be reduced; for, as may 
be seen in Fig. 201, which shows the skeleton 



of a viper, it consists merely of a h;ngthened 
spinal column, with a hejid but little develo])ed, 
and a series of ribs ; but apparently destitute of 
limbs, and of the bones which usually connect 
those limbs with the trunk ; there, being neither 
sternum, nor scapula, nor pelvis.* In the con- 

* Prafessor Mayer has, however, traced obscure rndimcTifs of 
pelvic bones in t!ie Amjuis fragilis^ the Anguis rentralis, ah(l 
the Typhiops crocotatus, and is of opinion that they exist 
much more generally in this order of reptiles, than has been 
comiaoaiy imagined. Some Serixmts, as the Boa, Python^ Tor- 
tryr and JSryx, have claws, which may be considered as rudi- 
ments of feet, visible externally. In others, as the Anguis, Typh- 
iops , and Amphisbrnia, they exist concealed under the skin. 
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formation pf the skull and bones of Ike fe^ee, 
they present strong analogies with l^^achian 
reptiles, and also with fishes, one tribe of whj^, 
namely, the apodcms or anguUliform fidjes, 
they greatly resemble by the length and flexi- 
bility of the spine. These peculiarities of con- 
formation may be in a great measure traced to 
the mode of life for wliich they arp destined. 

In others, he has discovered cartilaginous filaments, which he 
conceives to correspond to these parts. (Annales des Sciences 
Naturelles, VII. 170.) Some of these are represented in the 
following figures. Fig. 203 exhibits the claw of the Boa con- 



strictor y placed at the termination of a series of bones, r^rer 
senting very imperfectly the bones of the lower extremities. Fig. 
204 shows the muscles attached to these small bones. The three 
following figures, 205, 206, and 207, represent the ckws and 
rudimental bones of the Tortrix scytale^ Tortiix corallinuSy and 
Angms fragility respectively. Those of the Ar^kishosna, aZhay 
Fig. 208, and the Coluber pullcUuSy Fig. 209, are still leas de- 
veloped. The Chulcide^y or snake lixard, which has four minnte 
feet, is represented in Fig. 210. 
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TI»e* fescwl assign^^d to thorn is living prey, tvhicJi 
they mfest attack and vanquish before they' can 
eorm+t 'it Into nmirishment. The usual mode 
in ivhk'h the beva seizes and destroys its victims 
is by coiling the hinder part of its body round 
the trunk or branch of a tre(‘, keeping the head 
and anterior half of the body disengaged ; and 
then, by a siidden spring, fastening upon the 
defenceless objectof its attack, and twining round 
it« Imdy, so as to comi)re88 its chest, and put a 
stop to its respiration. Venomous serpents, on 
the other hand, coil themselves into the smallest 
possible space, and siiddcajly darting nj)on the 
unsuspecting or fascinated stragglca’, iiillict the 
(|uickly fatal wound.* 

It is c'vifleut, from t)n‘sc considerations, that, 
in the absence of all external instruments ol’ 
prehension and of progressive motion, it is neces- 
sary that the spine should be rendered extremely 
flexible, so as to adapt itself to a great variety of 
movements. This extraordinary flexibility is 
given, first, by tlic! subdivision of the sjiinal 
column into a great number of small jiieces; se- 
condly, by the great freedom of their articu- 
lations ; and thirdly, by the peculiar mobility 
and connexions of the ribs. 

* Their prey is swallowed entire ; and therefore, as we shall 
afterwards find, the bones of the jaws and face are formed to 
admit of great expansion, and of great freedom of motion upon 
one another. 
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Numejous as are the vertdbrjiB of tlie eel » the 
^B€ of which consists of above a hwiKlred^ that 
of serpents is in general formed of a still greater 
number. In the rattle-snake ( Crotalus /wrridns ) 
there art; aliout two hundred ; and above three 
hundred have been counted in the spine of the 
Coluber nairix. These vertebrae are all united 

by ball and socket joints, 
as in the adult batrachia ; 
the posterior rounded emi- 
nence of each vertebra 
being received into the 
anterior surface of ,tlm 
next. Fig. 202 is a view 
of this portion of the ske- 
leton in the. Bou con- 
strictor, showing the arti- 
culation of the ribs with 
tin: vertebra;. 

While provision has thus been made for extent 
of motion, extraordinary care has at tlie same 
time been bestowed upon the security of the 
joints. Thus we find them effectually protected 
from dislocation by the locking in, above and 
below, of the articular processes, and by the 
close investment of the capsular Ugameuta. The 
direction of the surfaces -of these processes, and 
the shape and length of the spinous processes, 
are such as to allow of free lateral flexion, but to 
limit the vertical and longitinlinal motions: and 
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wJiatever degree of freedom of motion may exist 
bcitween the adjoining vertebrae, that motion 
being multiplied along the column, the flexibility 
of the whole beeoines very great, and admits of 
its assuming every degree and variety of curva- 
ture. The presence of a sternum, restraining 
the motions of the ribs, would have impeded all 
tliese movements, and would have also been an 
insurmountable bar to the dilatation of the sto- 
mach, which is rendered necessary by the habit 
of the serpent of gorging its prey entire. 

The mode in which the boa exerts a powerful 
pressure on the bodies of the animals it has 
seized, and which it has encircled M'ithin its 
folds, recpiired the ribs to be moveable laterally, 
as well as backwards, in order to elude the force 
thus exerted. The broad convex surfaces on 
which they play give them, in this respe(;t, an 
advantage which the ordinary mode of articula- 
tion w'onld not have afforded. The spinous pro- 
cesses in this tribe of serpents arc short and 
widely separated, so as to allow of flexion in 
every direction. In the rattle- snake, on the 
other hand, their length and oblique position are 
such as to limit the upward bending of the spinal 
Column, although, in other respects, its motion is 
not restricted. The vertfdtrae at the end of the 
tail are furnished with broad transverse processes 
for the attachment of the first joints of the rattle. 

But of whatever variety of flexions we may 
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suppose the lengthened body of a serpent to be 
capable, it will, at first view, be difficult to con- 
ceive how these simple action^ can be rendered 
subservient to the purposes of progression on land ; 
and yet experience teaches us that few animals 
advance with more celerity on the surface of the 
ground, or dart upon their prey with greater 
promptitude and precision. They raise them- 
selves without difficulty to tlie tops of the highest 
trees, and esca])e to their hiding places with a 
quickness which eludes observation and baffles 
the efforts of their pursuers. 

The solution of this enigma is to be sought for 
partly in the structure of the skin, which, in 
almost every species, is covered with numerous 
scales : and partly iu the peculiar confonnation 
of the ribs. The edges of the scales fonn rough 
})roj(X'tions, which art; directed backwards, so as 
to catch the surfaces of the bodies to w hich they 
are a])plied, and to j)revent any retrograde mo- 
tion. In some species, the integument is formed 
into annular plates, reminding us of the struc- 
tures so prevalent among worms and myriapode 
animals. Each scale is connected with a parti- 
cular set of muscular fibres, capable of raising 
or depressing it, so that in this way it is con- 
verted into a kind of toe ; and thus the body 
rests upon the ground by numerous fixed points 
of support. 

I’liis su])port is furlluT strengthened by the 



PROGRESSIVE MOTION IN SERPENTS. 453 

connexion of the ribs with tlie abdominal « 
or the scales on the under side of the body. Tlie 
mode in which the ribs become anxilinry instru- 
ments of proa:ressivc motion was lirst noticed by 
Sir Joseph Banks.* Whilst he was watching 
the movements of a CoJnhvr of umisiial size 
which was exhibited in l.,oii(lon, and was 
moving briskly along the carpet, he thought he 
saAV the ribs come forward in succession, like 
the feet of a caterpillar. Sir h>veravd Home, to 
Avhom Sir Jose])b Banks ])oiiited oat this <'ir- 
cumstariee, Acrifu'd the fact by applying his band 
beloAV the siapent, and he then distinctly fell 
the ends of the ribs moving upon the palm, as 
the animal passed ovir it. The mode in Avhich 
the ribs are articulated Avith the spine is pecu- 
liar, and has evidently been (un])loyed with re- 
ference to this particular function oi' tlu; ribs, 
which here stand in place of the anterior and 
posterior extremitie'S, possessed by most virte- 
brated animals, and characterising the type of 
their osseous fabric. In the ordinary structure^ 
the head of each rib has a convex surface, that 
plays either on the body of a single v'ertebra 
with which it is connected, or uj)on the tAvo 
bodies of adjacent vertebra? : but in serpents the 
extremity of the liead of the rib has Iaa'o slightly 
concave articular surfaces, which play on a 


* Philos. Traill, for 1812, [>. 16:5. 
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*6# the! vearte'fira. •'lO^hirit 
stihoture ii attended with* the ^ad^fan^agq ed< 
pfeventing: the Tibs from ’iatetf(Mng>%itt>/4hA' 
mdtihhs oF the vert^rae upoa* 0 neiaii(ttkdt^ dkdi 
titoh* lower ends the ribs of cnie bide^hamh^-mii 
aMitteesiesi with those of the other, nor are.thejp] 
joined to any bone analc^ous to a 'Stemamii 
f<n‘, 'eiccept in the Ophiosaiam aad din filiadai 
worm (A'ugtiM fmgilis), thare is nO vei^get 
either of a stemnm or scapnla^ in any aiunxal > 
of this class. Each rih terminates in a stendeoi 
cartilage, tapering to a point, which restsy for liter 
whole length, upon the upper enriace bfuionei 
(^the aoNita, or broad scales ott the low«r>si4et iof 
the body.' These scuta, which are .tlnis'.>efn»l' 
itected widi the ends of the ribs, and whichn»e> 
moted by means of short miracles, nmy bdcom^r 
pafOd to hoofs, while the ribs thernsrives diaiyf 
bo (xinridered as performing the offiioe ofdegsii 
l^ie ribs move in pairs; and the sontumittodat! 
eneh pain, bring carried along with ttfin>iall itei 
motions, and laying hold oi the ground ‘iby/itsi 
prijecting edge, becomes a fixril poiat* for'i^i 
ad<tan&e of the body.. ‘ This motion,' 

HOntb* obOervOsv is beautifially* aeent rihen^w* 
snnite^te climbing overaa ang^itoigri; upamw 
flat'Saifarisi * Whrii' 'iliO!*animal in 'oaoriagi mpAt 
phSSe, it niters’ iteishnpeifreiii a*rironla)}i(K<oiifad! 

ito ohO that t^piriachesilb a /trian g faii^ t 
w4kh tho:sut^o><a^|diieid to tMogntunfltdconrd 
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tlie!llkse.i.-!Fsret9et»iif Auseles andipirafiid9d^> 
that pmiheaeJxif girin^.to tib^iiriba tl)«e 
1»iikwiirdBmad>iforimrdisyiby^ 
tk^y effiofet ithisispeoiofst of t^rogi^assieilUr 
iBMBcles {iandMdi^pos^ld in regtiiar !sq^0i 

p«9«iligi»VKi;(oaeiior ti#o 7ib&^ td*b0‘«ttftcb«iQl>ito 
thetsuooaeding lib^ Xniali »uike»/|}ie <nb$vaii^; 
cebtnbUed foadGrnrards much beyond iJogioMki 
oecU^piad (by tibe ; and fitUhougfaulbd 
rifiTisebnra Buhserviemt <to ffeapkaidion> &s!weU»t60 
tnyMn^resslTB miotioii, i£ is evidetit tlmt idMhosdk 
pdstmdor %)> ithe Jungs must be cmph»yod coldly 
fonOhedatter of these purposes^. t i / 

itltii»<eafly()to uaders^and how the seipent>0aht* 
slorarlyKadtanQe, by this creeping, !»• veidJaMSuhwff 
ravtioh^Hbonsisting in reality of a eueo^ilQi^ of; 
vea^alsQlrt/saieps. But its progress isiebcoeldrateidii 
by the ouWotnireB into which it throws! itsibei%>^ j 
tha »fore partrbeuig fixed, and the tdhdhpart* 
fardaghtmear then, by, a reverse pfJocQSfrf 

tliie iiindfjpart‘ is^fijced, and the head 
feinwaidfuuxBy an akematien of theae pmaTiem 
nidatss»iaS8»tisd' b;^! the aotioiis of the 
sdfpentl isjionahledi ltd' glide onwards ' with,* dddn* 
sUeradOe ratpadity^iatid without a^raatihg obgeflHf 
watomjji Butiwlidssigreater lexpedhtieh Jainodgso 
saiyi,^ limy <i«nplQy'« I nmroi hurried kindtdCiiaf^ji 
eflil»ui^ )dne « wldchj<ehp«f«i8i4hdtmmdre} 
ihedhltei viewi , iTfearbodj!) {ipstead i of tbeing ,h#ii^ 
firomitmfie <ta,sidei ie tai^ < in. eflie^grelit ilftdw 
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of which the two extremities alone touch the 
ground; and these being alternately employed 
as points of support, are made successively to 
approach and to separate ^from each other, the 
body being propelled by bringing it from a 
«^;iiirred>tidi a stfidgiitMttel' < n'.fjiaiuuuun 
third kiftrti of motiOft, 
Bcg ipi a ^ t s I <poct^onally tOsorti to,’ when? 
MftMiiitlteiiNpt'eyi or When Nleshouis ‘4)lf'<ma4^hg>a 
fimldenifi^oaipet from danger. Thojis doU tl^td- 
4W!hres 'lint©; a spiral,' by -oottWatJthig! *all^»the 
mitsciea on one sidfe of the body. 'jahd’ >^dn, 
suddenly throwing into violent *Brtion'*all''the 
ntnscles on tshe Opposite side, the'wlside'body'is 
{wofxdikd, as if by the release and nmwiMpdingidf 
ai powerful spring, with an impblse Which irdnses 
it to some height from the ground, and pucgects 
itvtoW considerable distance. > • ' » 

h, ^Ehita these animals, to which' Nat«riB'’‘ha8 
ideniod all; external members, tare yets rwigjablh, 
ibyitimvsuhstitatiOfi of a ditf^rent hipdi’of'uiie- 
lefaaat^mvi still comStructed h;om thd .dmiilBikts 
»li^ngiDg‘ao the piiraitive type of deidebrated 
^aifirndb^of .ailmitly gliding alo^ iheiatnfaceddf 
hbe «arth»'<ef .ceding up tr^en,>hf striding’dei- 
pMlyihcreto the plainj^ andinffeKedutiag dsiqas 
jwith Wiwigoiivi aihl <ngtldy* 4 frhiclh autonidutthb 
.behelddr, midwhkh/ «D^age»!efl%h<»nnht(jaaid 
a^pm»Aitioii,lwd(W)ea^y«a^ tatimpemdla^ 
tagcncy< )*l* i‘iu 01 'I 'tu/ si- It'''* i*> 
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Sauna. 
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The conformation of thofle ‘ parts f of the 'frame 
|«hi«h (are> dwhsetvient * to progressive mdtion 
he^SotiMp' ]»<Mfe perfect in the class of Saioaian 
rcfitiliest fM'thich includes all the lazard tribes. 
Several >Uidts of connescion with the preceding 
ebsawayt still be noticed, marking prt^^ress 
ofideTekpement, as we follow the ascending 
aOrieii of animals. Rudiments of the bones of 
4laetfeltreimties, and also of the sternum maloe 
ith^isappeatraiiK^e very visibly in dte OphUmmrw^t 
rand in > the blind worm ( An^nis fmgUis). The 
hVii^te laoerUua has two diminutive fore feet, 
placed close to the head. The hacertfitlmmhri- 
^idm of Einneus, or the Bipes eamhcnhiAus of 
lMc€)pede,' whidi is found in Mexico, antd »of 
which a specimen is preserved in the coUectioh 
riib Raiis, has a pair of very short feet, also fdaced 
'aeantthe head, and divide into four toes,' with 
ttho'i'mdkneDit of <a frftli. The JLaceria Upes 
^Eip 9 )i» 'Or Sh€,U9pmici of Pallas, ha8,noii ^ 
dOjthdr hand> a pair-of hind. feet oniyi fouti cot- 
'Identi^. nnalEt together with< rudinsents df a 
tseapdbiund jelaiviele jconceakd utuimr theiokiit, 
(onkrinuist he .placed thevl7i&dh(fifl>, 
or Snake-lizard (Fig. 210), and the Lauxrta 
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t^fttty w«fl|cia»l for {bftiyiq 

a»4: anjly frempti^y \^f»jtiar«<»^i]imtiilg!ifoi(»lftl 
p«jgpeasiv« jan^W^atipne-, , ^ si (nj o-'hi >SiUi i^itjurn 
Aacei^dipg ‘focpi thaft^|ire,iaayi fo«»)S^t»rfo»a9f. 
r€!ptile»y#a wbioh the 4evefopei»ejtt,<rf.thftAia»fe9^ 
becomaa more and more extended, till we 
at , Groped^, PA iidHcbjtbeytatfoia.AtOwsiijreY- 
alde degree lof perfechon* ^/As a (wwleqwenoeidf' 
tbifi greater dearelopemenit of the ekeietoftKiire! 
findr )^be ftcank divi^ble into eepjurtktO' tegiwaei)* 
Wetnoiw, foTt the ifirat time, meet witli,.a. dM^inoti 
neck* aepai^ting the bead foom tJne.itliQBfeKwt 
>;i>hfob isitself .distinguifibaldo from tbeabdbmao't , 
and adistinet sacrum is inteiposed, betweea thei. 
lumbar and the caudal vertebrae. . t 
A).&«ther approach to the higher, iela8l8e8,*4ai. 
obaerifable sin the number of <seirvical ,reistebr*evt 
whiehi^s {dmoat constatatly seyen; >ast.u|e) DwUi 
finid>iA to he> in mammalm... ai'heitartiettterf! 
tione -ef stlie vertebr® >am> similar toi t^wserrtrf*' 
smpenfo,. inasmuch as they o^msisf dfubidliaJttdi. 
socket joints, , Ift thatof thOilQomp^tal^bw 
th#^Amt>ivertebra .of!',the> neok^. wm 4«4#<*Bit 
naduifei <ag9iin,< ressseu^ . i the$ islmphe^ , fonm. Mihw 

sing}#! citHrdyle.fvtgeethig/i&pim fi«mhodyi!#f dhei) 
Qciiwpitoljbiimei/insteailiof jlslefal ioendylei^ pn^’ 
ceedfog Ireittj i^ » Jeauesn#^ wsah^iiee^ 



s^hlWdretilffi'tke t)alj«ifeM&. ettiidti' t4tV' 
tdbi^ numerous, tthd fee iM Isdm^ 

pi'^bsed Whiife fe' the feras feert 

fs^Atahle foir* ^gresston in wateb. 'T!ti!ey ^ 
remaricable also for having inferior spitiOos jMfo^ 
ceesies ’ attached to the bodies by cartilageej' a 
stfedtnre analogous to that which we have seen 
in dihes. ' 

number of ribs differs in differei^ Sj^ciea 
dPSauria; they are always articulated to the 
tremUies of the transverse |>rocessea Of thever- 
tebrsB, of which they appear to be continuations. 
PiocesSes of this description also occur in the 
neck, attached to the transverse processes of the 
cervical vertebree ; and these have been regarded 
as ^arviccd ribs. Their presence are impedi^ 
nients to the flexions of the neck; whence 
arises the difilcidty which the crocodile appears 
to havO in bending the neck while femuig 
r^nd upon the animal he is pursuing. In the" 
thoinx, the ribs are connected with a broad 
stanum*; but there are other ribs, both ’before 
afad< behind, which have no such termitiaCron, 
arid therefbre bear flie name of ftiise ribs. * * ’ * 

i^e^vis ^Consists chiefly of fee ilkic bdaesj) 
udiibh,<!ftS fe fee batrricliia, pass backwards to 
ftiskt^e nrtienlar <o4vity for fee fei^ boaei 
Tw»i small and slender 'bbnes extMid forirania' 
fioih fee jiubic 'boneE^ on fee difeer side df fee * 



460 THE MECHANICAL FUNCTIONS. 

pody, apparently for the purpose of supporting 
t|ie abdominal viscera.* The bones of th^ ex- 
tremities are very perfectly formed, approaching 
in their shape and arrangement very neariy to 
the corresponding parts of the skeleton of the 
higher orders of quadrupeds. The toes are 
usually provided with membranes spread be- 
tween tliein, to assist in swimming. The form 
of the tail, which is generally eompresaed ver- 
tically, like that of fishes, though perhaps not to 
an equal degree, is another indication t)f their 
being formed for an aquatic life: for where the 
tail has this shape, we always find thitt the 
chief muscular pow er is bestowed upon it as an 
instrument of aquatic progression, producing, by 
its lateral flexions, a horizontal movement of the 
body. Crocodiles and alligators, for instance, 
which have this conformation, are comparatively 
W'eak when on land, and as soon as they have 
seized their prey, their efforts are alw ays directed 
to drag it w'ith them into the water; knowing 
that when in their own element they can readily 
master its struggles, and dispose of it as they 
please. 

In the Gecko tribe, w e find a particular me- 
chanism provided for effecting the adhesion of 
the feet to the objects to which they are applied. 

* ;Thej to be analogous to the marsupial bouespeayliar 

to a family of mammalia. 



FEET OF THE GECKO. 401 

It is somewhat analogous to tliat employed in 
the case of the house-fly, already mentioned. 
Eac^ foot has five toes ; all, except the thumb, 
terminated by a sharp curved claw. On the 
under surface of each toe (represented in Fig. 
211) there are as many as sixteen transverse 
slits, leading to the same number of cavities, or 

sacs; these open for- 
Avards, and their exter- 
nal edge is serrated 
a})pearing like the teeth 
of asmall-toothed comb. 
A section of the foot, 
showing these cavities, 
is seen in Fig. 212. All 
these parts, together 
with the cavities, are 
covered or lined with 
cuticle. Below them 
are large muscles wliich draw down the claw ; 
and from the tendons of these muscles arise two 
sets of smaller muscles, situated so as to be put 
upon the stretch, when the former are in action. 
By the contractions of these muscles, the orifices 
of the cavities, or sacs, to which they belong, 
are opened, and the serrated edges applied ac- 
qurately to the surfaces with which the feet are 
in contact. Sir Everard Home, in his accoiihi; 
of this structure, compares it to the sucking disk 
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of the Remora.* By itB means the animal, is 
enabled to walk securely upon the smoothest 
surfaces, even in opposition to the tendency of 
gravity. It can run very quickly along the 
walls or ceiling of a building, in situations where 
it cannot be supported by the feet, but must 
depend altogether upon the suspension derived 
from a succession of rapid and momentary ad- 
hesions. 

Although the Saiiria arc better formed for 
progressive motion than any of the other orders 
of reptiles, yet the greater shortness and oblique 
position of their limbs, compared with those of 
mammiferous quadrupeds, obliges them in ge- 
neral to rest the weight of the trnnk of the body 
on the ground, when they are not actually 
moving. None of these reptiles have any other 
kind of pace than that of walking, or jumping; 
being incapable of performing cither a trot or a 
gallop, in consequence of the obliquity of the 
plane in which their limbs move. The Chaiae- 
lion walks with great slowness and apparent 
difficulty; and we have seen that, in conse- 
quence of the structure of the bones of its 
neck, the Cmcodile, thougli capable of swift mo- 
tion in a straight line, is unable to turn itself 
round quickly. The general type of these rep- 
tiles, having reference to an amphibious life, 


* 'Philosophical Transactions for p. 1.51, and 323. 
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not attained tlmt exclnaive udaptatiou to a ter- 
l^rial existence, which we find in the higher 
brderB of the Mammalia. But before proceed- 
ing to consider these, we have to notice a sin- 
gu4ar group of animals, whose conformation 
appears to be exceedingly anomalous, and as if 
it interropted the regidarity of the ascending 
aeries, of M'hich it seems to bo a collateral rtuui- 
fieatioii. 


^5. Clu'lonia. 

The order of CkeUmian Reptiles, which com- 
prises all the tribes of I'orloises and Turlies, 
appears to constitute an exception to the general 
laws of conformation, which prevail among Ver- 
lebrated Animals: for instead of prestmting a 
skeleton wholly internal, the trunk of the body 
is found to be enclosed on every side in a bony 
case, which leaves openings only for the head, 
the tail, and the fore and hind extremities. 
That portion of this osseous expansion which 
covers the back is termed the Carapace; and 
the flat plate which defends the lower part of 
the body is termed tlie plustnm. It is a form of 
structure that reminds us of the defence pro- 
vided for animals very low in the scale of or- 
ganization, such as the echinus, the Crustacea, 
and the bivalve mollusca. Yet the substance 
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which forma these strong bucklers, both above 
and below, is a real osseous structure, developed 
in the same manner as’ other bones, subject to 
all the changes, and having all the properties 
of these structures. The great purpose which 
nature seems to have had in view in the forma- 
tion of the Chelonia is security ; and for the 
attainment of this oliject she has constructed a 
vaulted and impenetrable roof, cajiable of re- 
sisting enormous pressures from without, and 
])roof against any ordinary measures of assault. 
Jt is to the animal a strong castle, into which 
he can retire on the least alarm, and defy the 
eflbrts of his enemies to dislodge or annoy him. 

Tht'se considerations supply' us with a key to 
many of tliosc apparent anomalies, which cannot 
fail to strike us in viewing the dispositions of 
the parts of the skeleton (Fig. 213), ami the re- 
markable inversion they appear to have under- 
gone, when compared with the usual arrange- 
ment. We find, however, on a more attentive 
examination, that all the bones composing the 
skeleton in other vertebrated animals exist also 
in the tortoise; and that the bony case which 
envelopes all the other parts is really formed by 
an extension of the spinous processes <d‘ the ver- 
tebrae and ribs on the one side, and of the usual 
pieces which compose tlie sternum on the other. 
The upper and lower plates thus formed are 
united at their edges by expansions of the stemo- 
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coka) appendices, which become ossified. Thus 
nc new element has been created ; but advantage 
hns’bei^ taken of those already existing in the 
general type of the vertebratn, to modify their 



forms, by giving them different degrees of relative 
developement, and converting them, by these 
transformations, into a mechanism of a very dif- 
ferent kind, and subservient to other objects 
thmr those to which they are usoally applied. 
It is scarcely possible to have stronger proofs, if 
such WMO' wanting,' of the unity of plan wbtdt 
hasr regulated the formation of al) animal ntmc- 

II H 
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tures, than those afforded by the skeleton of thb 
tortoise. 

The first step taken to secure the relative 
immobility of the trunk, is to unite in one rigid 
bony column all its vertebrae, and to allow of 
motion only in those of the neck, and of the tail. 
The former, accordingly, are all anchylosed to- 
gether, leaving, indeed, traces of their original 
forms as separate vertebrae, but exhibiting no 
sutures at the place of junction. The canal for 
the spinal marrow is preserved, as usual, above 
the bodies of these coalesced vertebrae, and is 
formed by their united leaves ; the arches being 
completed by the spinous processes. But these 
processes do not terminate in a crest as usual ; 
they are further expanded in a lateral direction, 
forming flat pieces along the back, which are 
united to one another by sutures, and which are 
also joined to the expanded ribs, so as to form the 
continuous plane surface of the carapace. The 
transverse processes of the vertebrae are well 
marked, but, though firmly united to the xU>s, 
do not give rise to them ; for the ribs, which: gre 
flattened and expanded, so as to touch one ao^r 
ther along their whole length, are inserted belo^v* 
between tlie bodies of every two adjoining. 
tebrae ; while above, they are united by suture 
whh the plates of the spinous processes. ,Thif 
9|iange in the situation, pf the. ribs is the cpn^ 
s^v^pqe of tl»e change ,^ their offipe., 
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d^i^ed td %e vtry moveable, we ftbd ftiedf 
attached cither to the extremities of’ the traiisverftt^ 
proeeases, or to the artieolar surfaces of a stjigle 
Vertebra; but when? solidity and security art* 
aimed at, they are always inserted between the 
bodies of two vertebra*. This we shall find to 
be the case also in birds, when' the bones of thfc 
thorax are retjuired to Ih' immovable. It is re- 
markable, indet*d, that a threat numbt'r of the 
peculiarities which distinguish the conf()rmjuion 
of the chelonia from that of other reptiles. Indi- 
cate an nj>proach to the stnicture of birds; as if 
nature had intended this small gnnip of animals 
to be an intermediate link of ‘gradation to that 
new and im|K)rtant tyjM* of animals destined for 
a Tery different mode of existence. 

The stcrno-costal appendages, which connect 
the ribs to the sternum, are, in most animals, 
cartilaginous ; though occasionally we find them 
partially ossified. In the tortoise, however, their 
Ossification is not only complete, but has bccii 
expanded laterally, so as to form a continuoii.^ 
surface with the extremities of the ribs and with 
the edges of the plastron, and completely to fill 
up the vacancy between them ; constituting h 
dense and solid wall, which entirely closes the 
sides of the general bony case. So strong is the 
lehtiency to ossification in all those pieces, thi^t 
the sutur^ at first formed between them Ufe 
oftent in process of time, obliterated ; arid Wie 
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bony fibres are continuous throughout a great 
extent of surface. 

The most remarkable metamorphosis in the 
osseous system of this new type is that which 
occurs in the sternum. So expanded are all its 
parts, that it is difficult to recognise this bone 
under the disguised form in which it constitutes 
the plastron, or broad plate, which, as we have 
seen, covers the whole of the under side of the 
body. Yet, by a careful examination of its 
structure, both in the young animal, and also in 
the adult, when the sutures are not obliterated, 
we may easily recognise the nine elements of 
the sternum ; nami'ly, the one in the middle and 
fore part, and the four [Miir of lateral pieces ; 
each having been formed from its respective 
centre of ossification. In form and relative 
proportion, indeed, they are widely diffierent 
from the same parts as they are presented in the 
skeletons of other animals : yet in number and 
in relative situations they preserve that con- 
stancy and uniformity so characteristic of the 
beautiful harmony which pervades all animal 
structures. 

It is to be noticed, also, that as the plat^ 
which form this investing case, are bony struc- 
tures, they could not with any safety have been 
exposed to the action of the atmosphere. Hence 
we find them covered throughout with a thin 
homy plate, originally a production of the inte- 
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gument. It is this substance which is commonly 
known by the name of tortoise shell * 

The immobility of the trunk is compensated, 
as far Jis regards Uie safety of tlie head, by the 
great flexibility of the neck ; which is composed 
of seven vertebra?, nneucumbt'red by proeesst s, 
and capable of taking a double curvature like 
the letter S, wlieii the h<“ad is to be retra(?ted 
within llu? carapace. Tbest' vertebra* art* joined 
by the ball and socket articulation coumum to 
all (he t'.t7.s7///g species of reptiles. 1 The articu- 
lation of tile head with tin* neck is efl'ec^ted in 


the same manner ; but it is iul(‘res(ing to remark 
that tiu! occi|)ital condyle, which is situated at 
the lower margin of the great apertun?, though 
pre.senting a single convex surface, yet has that 



surfaci* evidently divided 
into three parts*, the two 
np})er portions being late- 
ral, and tin? lower portion in 
the middle. TJiese three 
articular surfaces are se(?u 


iiumediately below the central aperture, r, in I’ig. 


* It sho\il(l be observed, that llic divisions of these jilates, 
which appear externally, bear no relation to the sutures whieh 
separate the subjacent bones, so that it is not p)S8ible to draw 
inferences respecting the form of the latter from the mere inspec- 
tion of the external shell. 

f The expression of this fact is thus (|nalified, liecause it does 
not apply to many fossil or extinct species, such as the Ichthyo- 


saurus. 


47# THE MECHANICAL, EVHCTIONS. 

91 5^hich 4^Mbits the i^nU of^e Teatttdomt^tias^ 
vimCed from behind. Although closely' approxi-> 
niated^ a ^aint line of demarcation, which divide^ 
their surface, indicates an incipient tendency ito 
^separate ; we shall find that in the further steps 
of developement which occur in the higher classes, 
this separation actusilly takes place by the obli-- 
teration of the lower articular surface, and the 
transfer of the two lateral surfaces to the con- 
dyloid processes arising from the devek^>ement 
of the leaves of the occipital bone. ; 

The singular conformation of the bones of the 
head in the turtle affords fresh evidence in sup- 
port of the theory that these bones were migi- 
nally vertebrae. The bruin of the tortoise is 
exceedingly small ; and yet the skull, when 
viewed from above, presents an appearanee of 
^eat breadth, as if it enclosed a cavity of 
large dimensions. But if m'c look upon it ihotn 
behind, as is shown in Fig. 2 15, we soon discover 
tliat the real cavity in which the brain is lodged, 
and to which the aperture at f leails, is very 
small, only just admitting the end of the huger, 
and that the broad plates of bone, v, p, wffich 
fbrm the upper surface of the skull, have no 
relation to this cavity, and are merely extended 
over the temporal muscles, which are of very 
large size, occupying the whole of the spaces, 
sty s ; which spaces are completely surrounded 
hy these bones. It would appear that the same 



•CHKLOKIAN nmmL.B8. 


471 


teidency to lateral expansion, which exists in 
the sf^ous processes of the dorsal vertebrae, 
prbvaik also among those which contribute to 
form the skull. The parietal bones, whicli re- 
paresent the spinous processes of tlie second 
cnmial vertebra, after having performed thmr 
primary office of ])rotecting the hemispheres of 
the brain by closing over them, still proceed in 
their developement, forming lirst a ('rest on the 
upper part of the real cranium, and tlien sepa- 
rating to the right and left, and ('xpanding hori- 
aontally into the upper roof (n, r) already men- 
tifUK'd, fw the protection of the temporal muscles^ 
This great breadth of the head in the turtle giv(js 
the animal an aspc^ct of superior intelligence, to 
which character, from the really diminutive size 
of its brain, it is in no respect entitled. As the 
turtle is unable to withdraw its bead within the 
carapace, such extraordinary protection a]>peur8 
to have been necessary : for it is not met witli 
in tlije tortoise, which has a carapace sufficiently 
capacious to give shelter to the head whenever 
occasion may require.* 

' This arrangement of the expanded spinous 
processes and ribs gives rise to a singular iuver- 
^on in the position of the scapula ; for it is herg 

/ ' 

• The analogy of the spine of the occipital bone with that of 
a veiiehra is further shown by this bone extending backwards to 
k etMiiderable length, exdictly in the manner of the spinous pro- 
ocsses of the cervical vertebra in other animals* 
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piacM on the inside of the rH»i^ and stdroim*! 
that is, between the carapace and plh^otii^. 
The hmneruB is remarkably curved, espectaUy- 
in the tortoise, where it has the form nearly trfi 
a semi-circle. The radius and ulna are dkir-i 
tinct from each other ; the caipus and phalanges 
are short and stunted, forming a compreaseti 
kind of hand. ^ 

The pelvis, like the scapula and iclavlcle, is 
enclosed within the bony shell which protecte 
the trunk. The sacrum is moveable upon the 
last dorsal vertebra ; and the coccygeal vertebras 
are continued from it, forming a short tail. Thfe 
femur is short and powerful, and somewhat bent^ 
but less so than the humerus ; and the rest of 
the bones of the hind extremity are similar to 
those of the fore leg.f All the feet are joined 
obliquely to the limbs which Supptort them^ 
giving the animal an apparent awkwardness 
of gait, as if it were obliged to walk upon club 


* The anomalous situation of these bones, and the 1 
dis^ised forms which their several parts assume, render it 
difficult to in the skeleton the several 

cprrespond to the normal type of the scapula, acromion, cora- 
coid bone, and clavicle ; and anatomists are not yet ag^r^ed ai 
to the proper designations which are applicable to these tobei 
in the Gbelonia. , < 


t The cylindrical bones of the tortoise are ^bd thro|tgjt(Ju^ 
and have no cavity for containing marrow, as ^n the more highly 
developed bones of the mammalia. This is seen in the*se(mon 
of the femur, Tig. 214. 
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feet; The impulse whicli they gire heiog bleralj 
and oblKjue renders them more efficacious 
pVegressiou in the water than on land: tluit 
circutt^tance, in conjunction wiffi tl»e constitu-^ 
timial torpor of the animal, sufficiently accwuits 
for the excessive, and indeed proverbial tardiness 
of its movements. 

Security appears still to lx* the object auned 
at in the mechanism of all the other jwirts of fhe 
skeleton. The imticulatious at the slioulders aial 
the hips are such as facilitate the complete 
retraction of the limbs within the carupaice, 
After the head has been drawn in by the double, 
or serpentine flexioii of the neck, the kiu'os ate 
brought together, and the whole, limb withdrawn 
within the sliell, tlte fore legs folding completely 
over tlie head, so as to cover and protect it uioSt 
effectuidly. For this purpose, th(! carpus and 
metacarpus are exceedingly liatteiuid, and ap- 
proximate to the tin-like form which we shall 
presently see exemj)liruxl in the cctacxious tribes. 
The phalanges are also large and lengthgiuxl, 
fcn*ming a kind of oval hand, or rather paddle, 
the functions of which it is well calcnlated tb 
perform. The curvature of tlie humerus of 
great advantage to the tortoise in assisting it to 
turn itself, when, by any accident, it has been 
Ibid on its back. ' 

Considerable differences may be noticed' ‘ip 
the structure of the several sjiedes of CheWniu, 
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HoGording to the diversity of their habits. Tor- 
toises which live on land, require more com^ 
plete protection by means of their shell than 
turtles, or Emydes, which dwell only in the 
water: hence the convexity of their carapace^ 
the solidity of its ossification, its immoveable 
connexion with the plastron, and the complete 
shelter it affords to the head and limbs. Turtles, 
on the other hand, receiving support from the 
element in which they reside, require less pitH 
vision to be made for these objects. Their ca- 
rapace is smaller, has a more flattened form, 
and cannot afford protection to the head and 
limbs. These latter organs are proportionally 
larger, present a greater developement of the 
radius and ulna, and are compressed into a flat 
expanded surface. Previously to the retraction 
of the head and limbs within the shell, the air is 
expelled from the large cavities of the lungs, by 
the vigorous actions of the al)dominal muscles, 
which exist in these animals as well as in all the 
vertebrata, although here they are covered by 
tJie bones, and compress the lungs by pushing 
the abdominal viscera against them. This sud- 
den expulsion of air is the cause of the long 
continued hissing sound which the tortoise emits 
while preparing to retreat into its strong hold. 

The ribs, though they at first assume the form 
of broad plates inimoveably united to the spine, 
when tliey; have proceeded a certain distance, 
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separate from each otlier, and resume their usual 
foum ; the intervening spaces between two ndja* 
cent ribs being here filled up by membrane. 
TIue plastron is united with the carapace by 
membrane likewise; and tlu* sternum, instead 
of forming one broad plate of boiu', has the in- 
tervals betwet'n its imperfectly developed ele- 
ments also membranous. All this renders the 
whole shell less compact, more fiexible, and 
more feeble ; but the movements of the animal 
are quicker and more energetic. 

fTIiese characteristic, difterenccs betwc'en the 
aquatic Chelonia and those that live on land are 
still more strongly marked in the genus TrUmyx, 
or soft tortoise; which is destitut(; of scaU;s, and 
in which many of the pieces that are bony in 
the tortoise are replaced by simple cartilage or 
membrane. 

'/The enormous weight of the shell of the turtle 
would be a serious impediment to the motion of 
this animal in the water, were there not some 
provision made for diminishing* the specific gra- 
vitJy in the lx)dy. This purpose is answered by 
the great capacity of the lungs, which, when 
haflated with air, nearly fill flie thorax, and 
give great buoyancy to the whole mass. Thus, 
w'herever there exists a supposed inconvenience, 
dependent on the fulfilment of one condition, 
w^ are certain to meet with a com]>ensati(m 
in the structure of some other part, and in 
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the mode of executing some other function. 
An express provision for giving buoyancy has 
been made in the construction of the shell of a 
species of tortoise inhabiting the coasts of the 
Scychelle Islands. The under surface of the 
shell, instead of being gently concave, as in land 
tortoises, has a deep circular concavity in the 
centre, above four inches in depth, which, when 
the animal goes into the water, retains a large 
volume of air, buoying up the whole mass while 
it remains in that element.* The greater size of 
turtles, when compared with tortoises, is a far- 
ther instance of the superior facility with which 
organic growth procecids in a<juatic than in land 
animals formed on the same model of construc- 
tion. 


* Home's Lectures, vi. ‘M . 
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MAMMALIA. 


§ 1 . Mnnntutlia in gvncral. 

The singular aniimils, so reniarkablo for their 
anomalous shapes, their torjjid vitality, and their 
amjdiibious constitution, which have lately oc- 
cupied our attention, ap|M'ar placed by nature 
as forms of transition, in the passag(j from those 
vertebrated animals which dwell in the water, 
to those which inhabit the land. Tlie class 
of Mammifern, or Mmiimalia, comprehends all 
the animals which jiossess a .H})inal column, 
breathe air by means of lungs, and an; also 
warm blooded, and viviparous, conditions whh'h 
render it necessary that they should j)os.sess 
organs, called mamma-, endowcul with the jwwer 
of preparing milk for tin; nourishment of their 
young; a peculiarity from which the name of 
the class is derived. But they are not exclu- 
sively land animals ; for among the mammalia 
must be ranked several amphibious and aquatic 
tribes, such as the seal, the walrus, the porpus, 
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thfe dolphin, the narwal, the cadialoti ahd<<ihe 
whale ; animals which, however widdy ''thdy 
may differ in their habits and external (56^ 
formation from terrestrial quadrupeds, possess; 
in common with the latter, all the essential 
characters of internal structure and of function«i 
above enumerated. These characters belong 
also to the human species, which must conse'- 
quently, in its zoological relations, be ranked 
as a genus of the class mammalia. So numeron^; 
indeed, are the analogies which connect the na- 
tural families of this class with our own race, that 
we must ever feel a deep interest in the accurate 
investigation of their comparative anatomy* and 
physiology ; and it has been found, accordingly, 
that the progress which has, of late years, ^eri 
made in this branch of science has materially 
enlarged our knowledge of the stmcture, the 
functions, and the physical history of man : 
sutgects with which our welfare has obviously 
the closest and most intimate relation. 

The principle of analogy, which prevaili^ Isfl 
generally in the inferior departments of the 
mal creation, may be also traced in the dees 
mammalia ; for we always find its indneiioe 
more conspicuous in proportion as the object! 
comprehended in the natural series of beings !ave 
more numerous and more diversified. Scarcely 
any of the great natural assemblages of aniihhls 
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exhibit more variety in their habits and modes 
of existence, than the one we are now exa- 
mining. Each race has its peculiar destination 
with regard to the kind of food by wliich it is 
nourished, and the means by wliich that food 
is obtained. Tlie carnivorous tribes wage war 
with the larger animals, whom they either 
spring uppu unawares, or openly pursue and 
overpower, displaying the savage energies of 
their nature, in practising all the arts of fero- 
cious and sanguinary destruction. Others, in- 
tent on meaner prey, resort to divers stratagems 
for its possession ; some are designed to bred 
chiefly on the mollusca, and others swallow in- 
sects only. The numerous tribes which are 
formed to subsist on vegetable food exhibit, in 
like manner, a great diversity of constructions, 
adapted to the particular nature of that subsis- 
tence, whether it be herbage, or the leaves of 
trees, or fruits, or seeds, or tlie coarse fibres 
of the wood and bark. While all are gifttid 
with powers to obtain the nourishment they 
require, those that have* not been armed with 
weapons of attack, are still provided with in- 
struments of defence, or with means of flight. 
Each has its respective sphere of operation; 
aud to each lias its appropriate soil, habitation, 
cbmate, and element been assigned. 

. It is easy to conceive that all these various cir- 
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cumstances must lead to great ^yetBitie8riik4fa0 
apparatus for mastication and fmr dig^e^tiom 
in the orgamxation of the senses^ in the jconn 
struction of the instruments of loeomotiont 
of prehension, and in the general form ^uthe 
body to which these various parts are; to bh 
adapted. Yet, amidst all these variations^ ^re 
may percmve the same laws of analog connect-^, 
ing the whole into one series, and assimilatBig ail 
these multiform structures to one common stand^. 
andt. The same organ, however modified in its 
shape and size, however stinted in one, or deve- 
loped in anotlier, is ever found in its appropriate: 
[dace, and retains the same connexions wi^ 
jacent organs, whether we seek it in the caurnivo*-' 
rouB or the herbivorous quadruped, in the inha* 
bitant of the land or of the water, in the denizen 
of the frigid or of the torrid zone ; or in animals 
of the most diminutive or most colossal staturqsir 
As an example, we may take the vertebrae of 
the neck. It is a universal law, that this part of 
the spinal column shall, in every animal of 'the 
class mammalia, consist of neither more nor leaS; 
than seven vertebrae. Whatever be tlie length 
or shortness of the neck, whether it be cmn- 
pressed into a small space, as in tlie elephant 
and the mole, whether it be lengthened to allow 
the head to reach the ground, as in the horse 
and the ox, or whether it be excessively pro- 
longed, to allow the animal to reach the tops of 
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trees, as in the oameleopard, still this same con- 
stant number is preserveil in the vertcbrpp M'hich 
it contains. When the neck is Iona:, each indi- 
Tidnal vertebra must necessarily 1k‘ lentjthened 
in the same proportion. Thus in the Cameleopard, 
the TCrtebr;e of the neck consist of seven very loop 
tubes, joined together endwise, with scarcely 
any developement of sjiinous processes, lest they 
should imjRMle the bendiii" of the neck. The 
greatest contrast to this structure is met with in 
the Dolphin, and otluu* Cetacea, which present 
externally no ajipearauce whatever of a neck, 
but whose skeleton exhibits cervical vertebrse, 
closely coinprt'Hsed together, and exceedingly 
thin, and most of tluun united together ;* every 
bone, thus formed, however, retains the marks 
of havini; originally consisted of separate ver- 
tebra*; and still, in thisextrenn* case, tlie number 
of primary pieces is constantly seven. | 

’.f Ib tha cachalot, the whole of these bt ven veitehia* aie 
imxfjly anchylosecl into one bone. 

■\ The Braflypus tridactyluSyOT three tot'd .sloth, was, till very 
lately, thought to constitute a notable exception it) this law, 
being dc.scnbed as having nine, instead of seven, cervical ver^ 
teVi'n*. It IS now found, howc\er, that the two last of lliese, 
vertebra*, wfiu b U[»[»eand to be snpenniincrary, ouglit properly 
to be elasscd among tlie dorsal vertebra*, of which they possess 
the distin(*tive characters, tiot only <Voin the form and si/e of 
their transverse proc<^ses, but als<j from tlieir liuving small bony 
ap|>endiceF, articulated with them by a regular joint at their 
extrertiilies, and corresponding exactly, ]>otli in shape and situa- 
tion, to the ribs, of wlilch they may, in fact, be considered as 

1 I 
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^ 2. Ceiacea. 

Remarkable exemplifications of the law of uni- 
formity of organic structure are furnished by the 
family of the Cetacea, which includes the whale, 
tlie cachalot, the dolphin, and the porpus, and 
exhibits the most elementary forms of the type 
of the mammalia, of which they represent the 
««irly, or rudimeiital stauje of developement. 
Here, as before, we have to seek these first ele- 
ments among the inhahitants of the water: for 
wheiu'ver, in oni‘ jnogress through the animal 
kingdom, we enter upon a new division, acpiatic 
tribes are always found to eom[)ose the lowest 
links of the ascending chain. Here, also, we 
observe organic (hnelopement ])roceeding with 
more rapiflity, and raising f^triicturcs of greater 
dimensions in a<]natic than in terrestrial animals. 
The order ( 'etncea comprises by far the largest 

riuliniuiits. I’lu'.st* small luait's liaNO Wen observed, bfttli by 
jMeekol an:l bv Oiivier, attnehed to tbe nbitli vertebra : artd 
Mi. T. n il ha.s rt'cently not only contirmed the obgervations of 
tlu'Se aiMioimsts, lail has failhor Uueovcied, lliat similar rudi- 
monlal tibs tiro iiliaclu'd aUu lo tbv t \tMttbra. (See Phi- 

losojibieal M;wa/iiie, tbird seiiis, lii. .‘{7(t). The BratJtfpus 
tonjuatns^ \\\i’\oh luis been said to possess ei^ht cervical vertebra' , 
wilb perhaps, on closer examiiuuion, be li|?rear’ier foil ad not to 
deviate, any luoiv limn the tlnee-tueii slolli, fioin the normal 
type, as regards the number of these vertebra'. Instanced have 
occurred of supernumerary cervicid processes, or ribs in the hiTmlan 
1 .; (^ee Ediabm^h Medical and Surgical Journal, xL <304.) 



animals wliich inhabit the glola'. Whatever 
may have l)ocn the magnitude of those huge 
monsters whieh once moved in the bosom of the 
primeval ocean, or stalked with gigantic stride* 
across antediluvian plains, and whose scattered 
remains bear fearfid testimony of the convulsions 
of a former world, certain it is that, at the pre- 
sfmt day, the whaU's of the northern seas are the 
most colossal of the living animal structures 
existing on tint snrfac<! of this j)lanet. 

A cursory survey of tin* organization ol the 
tribes belonging to this semi-amphibious iamily, 
will impress ns with the resemblance they l>ear 
to fishes; for they present the same oval outline 
of the body, the same- compact form of the trunk, 
w'hich is united with the bead witliout an inter- 
vening neck ; the same liu-like sbajie of the ex- 
ternal instruments of motion, and the same enor- 
mous expansion and prolongation of the tail, 
which is here also, as in fishes, tlu; chief agent in 
progression. With all this agreement in <;xter- 
nal eharacters, their internal economy is con- 
ducted upon a totally different plan ; for although 
constantly inhabiting the ocean, their vital or- 
gans arc so constructed as to admit of their 
breathing only the air of the atmosphere, and 
the conseijuences which How from this diflerence 
are of great importance. The necessity of aerial 
respiration compels them to rise, at short inter- 
vals, to tlie surface of the water ; and this air, 
with which they fill their lungs in respiration, 
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gives their bodies the buoyant force that is 
required to facilitate their ascent, and supersedes 
the necessity of a swimming bladder, an organ 
which is so useful to the tisb. 

With the intent of diminishing still farther 
their specific gravity, nature, has provided tliat a 
large (juantity of oily fluid shall be collected 
under the skin, a provision which answers also 
the purpose of preserving the vital warmth of 
the body. A great accumulation of this lighter 
sub.stance is formed on the up])er part of the 
head, apparently with a vifW' to 1‘acilitate the 
elevation to the surface of the blowing hole, or 
orifice of the nostrils, w hich is ])laced there.* 

Another peculiarity of conforiuation, in which 
the cetacea difler from fishe.s, and w’hich has also 
an obvious relation to their peculiar mode of 
breathing, is in the torm of the tail, which, instetid 
of being compressed laterally, and inflected from 
side to side, tis in fishes, is flattened horizontally, 
and strikes the water in a vertical direction, 
thereby giving the body a powerful impulsion, 
either towards the surface, when the animal is 
constrained to rise, or downw'ards, when, by 
diving, it hastens to escape from danger. 

All the essential and permanent parts of the 
skeleton of vtTtebrated animals, that is, the spi- 
nal column, and its immediate dependencies, tlie 

• Tl>e substance called Spermaceti is ioilged in ceils, formed 
of a cartilaginous substance, situated on the upper part of the 
head of tho 
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skull, the caudal prolongation, and the ribs, are 
found in that of the Cetacea. The thorax is 
carried very much forwards, t specially in the 
wiiale, and tin* lu'ck is so short as to be scarcely 
recognisable: for the object of tln^ (onformation 
is Jiere\ as in (hat of the (ish, to allow Ifee s(H>f)0 
for the movements of tln^ tail, and ample spac(»for 
the lodi>'enu‘nt of its musch^s. ["or the })nrpos(i 
ot giving greatt r power and more exlcnsivi' at- 
taclimmit to tln's<‘ mus< !es, tlu‘ lransve‘rsc‘ pro- 
cessevs of the dorsal ami lumbar v(Tl(ibra* arc* ex- 
panded both in U‘ngtli and breadth, and l>eing 
situated horizontally, olfc r no impediim ni to the; 
V(*rti(‘al flexure of the spine*. I"or the* same 
reason tlu* ribs arc* con(iniH‘d in a lim^ with tin* 
transverse* ])ro(*ess(‘S, and articnlatcMl with tluar 
extremities, thus giving still farther brcradlh to 
tlie trunk. 

As there is a total absence; of hinder c x- 
tremities, so tlierc^ is no enlarg(mi(‘nt of any 
of the vertebne corresponding to a sacrum, and 
the caudal vertebra* are unintcaTuptc^d continua- 
tions of those* of the trunk. They develope, 
however, [>arts which are meU with only amcmg 
fishes and reptiles, namcily, arches composcid 
of inferior leaves* and spinous proce;HS(*s, en- 
closing and giving protection to a large; artery. 
Although the hones of thci legs do not c;xist, 

* These leaves beinj^ formed of carlilage, are generally lost 
when the bones are macerated for tlic purpose of prcparinc; the 
skeleton. 



480 THE MECHANICAL FUNCTIONS. 

yet there are found, in the hinder and lower part 
of the trunk, concealed in the flesh, and quite 
detached from the spine, two small bones, appa- 
rently corresponding to pelvic bones, for the 
presence of which no more probable reason can 
be assigned than tlie tendency to preserve an 
analogy with the more developed structures of 
the same type. 

A similar adherence to tlie law of uniformity 
in the plan of construction of all the animals be- 
kmging to the same class, is strikingly shown in 
the conformation of the bones 
of the anterior extremities of 
thecetuc(“a ; for although they 
present, externally, no resem- 
blance to the leg and foot of 
a (juudni|)ed, being fashioned 
into fin-like members, with a 
flat oval surface for striking 
the water, yet when the bones 
are stripped of the thick in- 
tegument M'hich covers them 
and conceals their real form, 
we ftttd them (as may be 
seen in Fig. 216) exhibiting 
the same divisions into carpal 
ftud metacaqial bones, and 
phalanges of fingers, as exist 
in tlie most highly developed organization, not 
merely of a ipiadruped, buf ajso of a monkey, 
and even of man. 
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^ 8. Amphihm. 

In the small trilie den<»miiiale<I l>y (’uvier 
Aviphihin, and eonsiKtinu: of the Phoca, or Seal, 
and the Trichenm, or Walnis, \v(‘ peireive that 
an advance is made towards a fuller dev»“loj)e- 
inent of the liinhs ; these animals having a 
distinct ru'ck and pelvis, and both hind and 
fore extremities. In the seal the hind leffs are 
drawn ottt ])osteriorly to a considerable lentjth, 
and plae(‘d paralb-l to <‘ach other : when united 
and alternately rtiis-d and dejat ssed, they per- 
form the saim* ottice as the tail of the cetacea, 
and ])ropel the animal forwards: but wlien em- 
ployed separately, they are more qiialiiieel to act 
as oars. The walnis has feet still more- elevc- 
loped, and distinctly divided into toes, which are 
disposed so as to strike* bae'kwarels against the; 
watc'r. 


§ 4. Mnmmifi'rous QiKulnipcds in getteirtl. 

Fhom the iinperfe‘Ctly de;ve‘lo[)e;d aquatic and 
amphibious tribes we "radnally ascend to the 
more finished structures of iiiammiferous e|uad- 
rupedS, which are e;xpressly fitted for progression 
on land. In these the |re>wiL*rs e>f 
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^o^t^beiag expended in the mere effort- of giwihg 
f ^pansion to the several textures, and of swellmg 
the bulk of the frame, sometimes to,' anordiilate 
dimensions, are employed ratheir in rddufiiog 
the elements of the organization into compact 
forms, and in concentrating their energies, 'SO aa 
ultimately to attain the extent of power and 
harmony of action, which are displayed in the 
higher orders of wurm-ldooded quadnipedsb < 

It is to tliese favoured tribes that we must 
look for examples of the most complete develope- 
inent of the skeleton, and the aiiost advantagecms 
disposition of mechajiic force. We have seen 
that reptiles, from the comparative shortness -of 
tlieir limbs, and the torpidity of their muscular 
powers, are hut ill adapted for rapid progression. 
In all the more perfectly formed «juadru}>ed8 of 
the class mammalia, the trunk of the body, being 
raised high upon the limbs, possesses great range 
of motion, and cau traverse with fewer steps a 
given space. 

The office of the limbs, us far as they are con- 
cerned in progressive motion, is two-fokl. They 
Itave. first, to sustain tlie weight of the body, 
which they must do by acting in opjxwitien to 
tfie force of gravity ; and they must, secondl}^ 
give the body au impulse forwards. Let us icon+ 
sidet more particularly the relations which - the 
atmetures bear to eaph of these two functions. . 

; /yiie Umbs. uf . quadrupeds constitute sfour 
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coliunnt'iof support to the trunk, which is placed 
boritontally above them ; but the whole weiifht 
of the body, together with that of the head and 
neckv does not bear equally upon them ; the 
ftare extremities almost always sustsun the fjreater 
part of that weight, both b<»cause the fore part 
bf the trunk is itself heavier than tlu' hind part, 
and because it is loaded with tlu' additional 
weight of the head and neck. Hence, in the 
usual attitude of standing, the ])ieees of which 
the fore limbs are eoiiqxtsed are iv(]uired to b(' 
placed more in a straight line than those of the 
hinder limb: for the power of a « <dinmi to sup- 
port a weight is the greater in pro|K)rtion as it 
approaches to the pt'rpendioidar j)osition. The 
hind limbs are eoinpose<l of exactly the same 
number of divisions ; but the separate* portions 
are usually longer than those of the fore ex- 
treanity, and consequently if tln*y had been <lis- 
posed vertically in a straight line, they would 
have elevated the liinder j)art of the trunk to too 
great a height compared with the fore part. 
Tliis is obviated by their forming alternate 
angles with one another. As the pelvis con- 
nects the spine with the joint of the hi[», and 
even extends farther backwards, the thigh hone 
must necessarily be brought forwards ; then the 
tdjia and fibula, which compose the bones of thC 
leg must be carried backwards to their junctioih 
with tlie bones of the foot ; and again thd foot 



490 THE MECHANICAL FUNCTIONS. 

must be turned forwards in its whole length from 
the heel to the extremities of the toes. On com- 
paring the positions of the corresponding divisions 
of the anterior and posterior extremities, we ob- 
serve that they incline, when bent, in opposite 
directions ; for in the former we find, in fol- 
lowing the series of bones from the spine, that 
the scapula proceeds forwards, the humerus 
backwards ; the radius and idna again forwards,' 
and the fore foot backw'ards, positions which are 
exactly the reverse of the corresponding bones 
of the hiftd limb. (Sec Fig. 218, page 507.) 

Tlie weight of the body, in consequence of 
this alternate direction of the angles at the suc- 
cessive joints, must always tend, while the 
quadruped is on its legs, to bend each limb : a 
tendency w’hich is required to l)e counteracted 
by the actions of the muscles which are situated 
on the external side of each of those angles. 
These muscles are the extensors of the joints; 
that is, the muscles which tend to bring their : 
parts into a straight line. It is, in fact, by this ' 
muscular action, much more than by simple* 
rigidity, tlmt the limb supports the super-^* 
incumbent weight of the body. It is evident' 
that greater muscular force is necessary for tbis* 
purpose when the joints are bent, than whew- 
they are already extended ; and the portions df ' 
the fore legs being naturally in this condition;' 
require less power than those of the hinder Idgs 
to retain them in their prcqier nelative positions;^ 
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The most complete instauce of a vertical 
arrangement of tlie bones of tlie extremities is 
seen in the Eleplumt ; where in order to sustain 
the enormous weight of the body, the limbs are 
shaped into four massive columns, of which the 
several bones are disposed nearly in perpen- 
dicular lines. By this means the Iwdy is sup- 
ported with scarcely any muscular eilbrt, ami 
the attitude of standing is, in this animal, a stale 
of such compU'te repose, that it often sleeps in 
that position. The elephant which was kept 
some years ago at the M<;nam;rie at l^aris, 
although much enfeebled by a lingering dis- 
order, was nevfir seen to lie down till the day 
on which he died. When he was in the last 
stage of debility, w hat seciued to give him most 
distress was the elfort recpiisite to support his 
head : and in order to relieve the muscles of the 
neck which were sti’ained in that exertion, he 
was in the habit of extending his truiik per- 
pendicularly to the ground, by contracting all 
the muscular fibres which ruu transversely in 
that organ, and thus formed a vertical prop lor 
the head. But in almost all other quadru}>eds 
the mere act of standing, though a state of 
comparative rest, implies, for the reasons already 
given, a degree of muscular exertion, and they 
can enjoy complete repose only by letting the 
body recUne upon the ground. 

The conformation of the hind extremities, 
which, as we have seen, is not so well calculated 
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for the simple support of the trunk, ia, on the 
other hand, better adapted to give it those un.* 
pulses which are to effect its progressive moven 
ments. The nature of those movements, and the 
order in which they succeed each other, are dif-s 
ferent according to the peculiar mode of pro- 
gression which tlie animal practises, the degree 
of speed it is desirous of exerting, and the par- 
ticular end it has in view. The paces of a qua- 
druped usually distinguished, are the walk, the 
trot, the gallop, the ainhle, and the hound. 

In slow walking, only one foot is raised from 
the ground at the same moment, so that three 
points of support always exist for sustaining the 
weight of the body. If the centre of gravity be 
situated, as it geiuwally is, nearly over Llie middle 
of the (piadrangular base formed by the feet, 
while they rest upon the ground, the first effect 
1(» advance ahich the tpiadruped makes, propels 
the centre of gravity forwards. This it accom- 
plishc's by pressing one of its hind legs against 
the ground ; which leg being thus fixed by tlie 
resistance it there mt'ets with, becomes the ful- 
crum of the first movements. The extensor 
mn.scles of the limb are now exerted in giving 
the body an impulse forwards. As soon as this 
impulse has been given, the muscles which had 
been in action are relaxed, and tlie leg is raised 
from the ground, brought forwards, and laid down 
close to the fore foot of the same side. This fore 
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fobt iS'neift raised and advanced: and then the 
saifiae succession of actions takes place with the 
hind and the fore foot of the other side. 

• An attentive examination of tin* conditions of 
these successive positions will show that, amidst 
all the changes which take jdace in the points of 
support, the stability of the body is constantly pre- 
served. It is an elenK'ntary pro])osition in me- 
chanics that all that is necessary for cnsariiifrllic 
supjxut of a body on any f^ivcti base, is that tlic 
vertical line drawn from tin* centre ot i;ravity 
shall fall within that base. When the animal is 
standiuf?, the feet form !i (punlrilatf'riil base, and 
the. centre of gravity is in a verti(‘al line passinji,' 
either through the c(.'ntre of the base, or, as, for 
the reasons already mentioned, more freqncjitly 
happens, through a point a little in front of the 
exact centre. At the time when the hind foot 
which began the action is rai.sed from the ground, 
the centre of gravity, having been, by that action, 
im[>elled forwards, still remains above the base 
formed by the other three feet, and which is now 
reduced to a triangle. That liind foot being set 
down, while the corresjKmdingfore foot is raised, 
a new triangular base is formed by the same 
hind foot, together with the tv'o ol tin; other side, 
which have not yet berui raised. The centre of 
gravity is still situated almve this new triangle, 
and the body is consequently slill su[)ported on 
these three feet. The fore foot may now be ad- 
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vanced without endangering the stability of the 
body : and by the time this foot is set down, and 
has thereby formed a new quadrilateral basis 
with the other feet, the centre of gravity has 
arrived above the centre of this new base. But 
at this moment the centre of gravity is again 
urged forwards by the other hind foot, which now 
comes into action, and repeats on the other side 
the same succession of actions, which are at- 
tended with the same consequences as before. 
Tims, during its wliole progress, the animal is 
never for an instant in danger of falling; for 
whichever of the feet may be raised from the 
ground, the other three feet are always so placed 
os to form a stable base of support. 

In quick walking it often happens that qua- 
drupeds raise their fore foot on either side a little 
before the hind foot comes to the ground. This 
is shown by tlie impression made by the latter 
being in the same spot, or even rather in ad- 
vance of the impression made by the former. 
But the time during which the body is thus sup- 
ported only by two feet is so short as not sen- 
sibly to influence the results. 

In consequence of the obliquity of the alternate 
impulses given to the centre of gravity by the 
successive actions of both the hind legs, a slight 
degree of undulation is occasioned ; but these 
undulations are only lateral. A trot may be con- 
sidered as a succession of sliort leaps made by 
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each set of feet taken diagonally ; that is, by the 
right fore foot, and tlie left hind foot ; or, vice 
versa, the one set being raistid together a short 
time before the others have reached the gi'onnd : 
so that during that minute interval of time all 
the feet are in the air at the same monumt ; and 
during the remaining portion of the time, the 
body is rt sting upon the two feet placed diago- 
nally with regard to eacli other. The umlula- 
tions are here chitdly vertical, instead of lateral, 
as tliey are in th<' walking ]>ace. 

A gdlloj) is a continued succession of longer 
leaps made by the two him! te(!t in i-onj unction, 
in this case, the centre of gravity is lifted higher 
from the ground, and is projt'cted in a wide arch, 
and with great velocity. 

In the amble, both the legs on one side are 
raised together ; so that the impulsions given are 
directed mucli more laterally than in any other 
puce, and the body is thrown into a strong undu- 
latory motion from side to side. 

Another kind of pace is tlie bound, which is 
ofUai })mctised by deer, and is performed by 
striking the ground with all the legs at the same 
moment. It consists, therefore, like the gallop, 
ol’ a series of leai)S ; but tlieir dire(.-tion is more 
Qaiforinly upwards, from the concurrence of all 
.the legs in tlte same action. 

. Nature has purposely endowed difterent tribes 
with very difterent capacities to execute pro- 
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^KS^ivc Miovemeh^ts, by the' varMiS6^fe'^il^te*'-l{U§ 

introduced into the comparative 

sevieral parts of the tnink, and the ‘aize’4hd'ih6^ 

Inlity of the extremities. Of all the lcfi%4 

maJs, the Ldon has been constTitctied Wlth^ HW 

finest pr(»portionft for conferrinj^ bo^li 

and activity. The mass of liis body il^ sttpjidrted 

more by the fore than by th<^ hind exlreitlfiii^^? 

In walking?, the lion takes long^ strides, and 

bils stronjrly the lateral undulations of the tftlhk; 

Quadrupeds having a verv' long, or a 
massive body, or whose limbs are slioit, ttfi'd 
nearly of ecjual height, are incapable of ‘Ad- 
vancing by a gallop, or at Irast caidiot'^usttliy 
this pace without a painftd effort, and lie^ef *btif 
for a short time. The T’isrr, which bas 'd Idiil^er 
body than the lion, gallops with less 'fKcfflt^^';' 
and runs chiefly by an acceleration of ifs wA^fli- 
ing jKice. It excels principally in the 
and extent of its bounds ; for which it is adtti= 
rably qualified by prodigious po^ver of itS 'irldS- 
clos, enabling it to spring forwards upon itS'Vi^tffli* 
with an impetus which nothing can resist! ' ' 

The speed with W'hich a quadnipcd iA 
of advancing depends more on the dispdsitlfltl of 
the muscles and the extent of the arti^ilatlAdy,'^ 
and more especially on the pou er iof tJie' ex-^ 
tensors of the hhid extremities, than ofi tbe'fonft* 
of the body. Great Ic^igth' find nnisbfiTaWi:^''iri 
tile bifid tegS' are generally UMeridted 
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8i4^n4^e |iQwer of leaping. This is exemplified 
RDd the Ktmgvroo, animals^ irbich, 
fppip . tlio disproportionate shortness of their 
foi^ legs, are totally incai>acitated from walk* 
ipg ; . aiid for the same reason, they cannot run 
with any degree of swiftness. It is only in 
flimbing up a steep acclivity that the jerboa is 
enabled to employ all its limbs: in a descent, 
on tbo contrary, it uses only its fore legs, the 
hinder being dragged after them. But, when 
pursued, these animals are capable, for a long 
continuance, of taking leaps of nine feet difr* 
tance, and of repeating these leaps so (piickly, 
that tlie Cossacks, though mounted on the 
swiftest homes, are unable to overtake them. 

, 'J’he Kangaroo, in almost all his movements, 
brings into action his powerful tail, wliich is fur- 
nished with very strong muscles, and may be 
<;pp8idered as constituting a fifth lunb. It is of 
gp^p^t a^istauce to the animal in taking leaps, 
aig^ gyring its rejmse, contributes, together with 
hind feet, to support the weight of the body , 
as on a tripod, and to leave at liberty the fore 
legs, which may then be employed as arms. 

The Hare and the Rabbit furnish other in- 
stances of an extraordinary length of the binder 
legs depriving the animal of the power of walk- 
ing, and obliging it to move forwards only by 
a sgccession of leaps. The hare may be said, 
indeed, to walk with its fore legs only, while it 
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gallops with the hinder : but this disadyantage 
is amply compensated by its amazing swiftness 
when running at full speed. > . 

Animals like the hare, in which, from the 
great length of the hinder limbs, the posterior 
half of the body is higher than the anterior, run 
much better up a declivity than on level ground. 
In a descent, on the contrary, they are obliged 
to pursue an oblique and zig-zag course, otheir^ 
wise they would be in danger of oversetting, as 
happens occasionally to the Agouti and the 
Guinea pig, when these animals attempt to run 
down hill. 

Tiie Slot/i, which is formed for chngiug with 
great tenacity to the boughs of tree&, presents a 
remarkable contrast to the animals we have just 
noticed ; its fore legs being much longer than the 
hinder, and its movements being proverbially 
slow. The peculiar modifications of its mus- 
cular powers are probably consequences of the 
singular mode in which, as 1 shall afterwards 
have occasion to notice, its arteries are dis- 
tributed. 

The Cameleopai'd, likewise, has the fore legs 
much longer than the hinder. The. object of 
this conformation was probably to elevate the 
anterior part of the spine, so as to raise the bead 
as much as possible, and also to give , a cmiiT 
siderable inclination to the whole column, for the 
purpose of distributing more equally tlie wdght 
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of liOad* aii4 of the very long heck trpoft 
ait the "legs t for the lehgth of the neck Is fhlly 
equal to that of the tmnk. It is evident that if 
the bodyhud been placed in tlie usual horizontal 
position, the anterior extremities would have 
had to support the whole of the tmormous weight 
of- this neck and head. This peculiarity of 
structure, however, introdtices considerable mo- 
difications in the mode of progression of tln* 
animnl. The ordinary pace of the cameleo- 
pard • w the amble ; but it has also a slower 
wulkihg . pace, and occasionally a gallop. Iti 
the amble, its undulation is so considerable ns to 
give it the ajipearance of being lame. A similar 
kind of limping gait, arising from the same 
cause, namely, the disproportiotiate elevation of 
the fore part of the spine, has been observed in 
the Hycena. 


^ 5 . ItumiuanlM^ 

In following the series of Mammalia in tht; order 
Whibh best exhibits their successive stages ofdc^ 
velbpemeht, 1 shall commence with those Whose 
digestive apparatus is formed to extract: nourish-* 
ment exclusively from the vegetable kingdonii 
The ’fit^ assemblage that presents itself to* 
lid^ce' is Wic remarkable fomlly of 



&Q0 TlUtmSC!Hktitt}AL'fVlk(^m>HS. 

^idi ^dfipi^dcipa^ «n 
the eaitbi^ ol^th^’ with ’reg<et0*iOn, 

{•efcthet skill nor exertion on 
iysd to diavoar^the richf repaid- which is ^^rsifu^y 
jspvead under theiic feet. To remove* ft*diil’Wie 
^stnne to anoCber, to browfee, And to- topOlfe, toiil- 
stitule the pedeefal employmenii of ‘tbe^ li‘v^4, 
andoatisfy the'Cbief coi^itiohs th^exii^dcO. 
T(^ these purposes the whole conformation! Of fheir 
idseletoni and especially of those parts Wh^h^CtMi- 
istitute the limbs, is adapted. The aaierfi#^eit- 
Itremities having only to support thte SwOtghd 'of 
itlia fiwe part of the trunk, and to assist' in' pro- 
gressive motion, have a less c(nnplitiated‘Svfal^- 
mentof joints, and exhibit many'Of thOto Oittsd- 
lidations of the bones, which tend to shriplify^ 
etniotare, rmd to contribute to its strength.* ^ 

It « I But though never incited by the Calls of kppd- 
•titOito .engage in sanguinary warAite, they t#e 
*yeit liable to die assaults of many fer0ci008'!!Bftkl 
i)WeU: armed' adversaries, and often ‘ iirtprOVilkd 
ndth any adequate means of ; their >0flly 

rhsOuree,. therefore, is to avoid thiei‘ daitghtS“Of 
\the encounter by a rapid and precipitate 

oonferi this power appears to haVe* borthi'the 
1 object sdmed ut by iiatuie in every ' jiarfe ef^tfte 
tcmdbnuadoa of theset animals. ' lt2 is dntoi^g'the 
^snitttnant itrtfaep that the fleetest' Of ^^uadrtipdds 
Maittu^'^beifoubcbl sudroio^the t|toeell<lv the'di^- 
land tlto deen ’asHiaalS 'hrhlieli’ exhibit tile 
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atnuslfttre bel<|ngini^ to'this 
iiMfe lon^y lohaervc Uwkl the pakts: coitt- 
4>ppi^g t^ie.hidd lege are looger, and iticHnhd to 
jcfQe. , Wither at imgles more acute in tlieee «ni- 
ji;i#laiJ^aa tu otlier tril>es of mamnacEdia, iso that 
^hay aK«;a)ways ready for instairtly commencing 
th^jr flight, and springing forwards on the light- 
est; Uiot;ioe:^f danger. (See Fig. 218, xaige 567 )i 
, i ,,As jtiWas necessary, from the situation of thdSr 
leodt that their heads should reach the ground 
in, gracing, we had that the neck has bOeii much 
(gloffKgatod, that the muscles which raise the head 
hhyUiheeo enlarged and strengthened, and that 
spWiOas proi'^ses of the back and neck have 
been much expanded in order to allow of suifici- 
yffUt/ wfface for the attuc-hraents of those muscles. 
The edojrt requisite to raise, and even support the 
h^^d is very considerable ; as will appear when 
reflect that its weight acts by means of an 
i extremely tong lever ; for such is tlie mechanical 
<ofhQe of the elongated neck. But in order to 
^ganowi^e the muscular power, an elastic liga- 
i,piept is employed to sustain the weight of the 
ibisad' ^ This, which is termed the ligamentuin 
,)4v<V^» innd is represented at n, in Fig. 217, lis 
great number of bands which donneet 
itbo^Mndcr part of the cranium, at the ridge of 
.tb^iOgcipjtal bone, and all the spinous procecMes 
ofitbOiAeolc* with those. of the back, the sepamte 
ea<d» being iftuccessively joiwed tqge- 
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ther^) and compoaing « ligament of gsret^: 
add power. It differs in j^s ai^ootureitfiioil). 
oidiaary ligaments,; being highly e^atic* ao thsi 
it yields to the extension of the aecktt wht^ 
the animal lowers its liead, and gives eon^der,- 
able asMstance to the muscles in raising itit Id 


1 1 / 



tile deer and the ox, which toss their heads 
with force, and especially in tlie males, whieli 
are aimed with antlers cu* horns, the muscles 
pefrforming those motions are remarkably strong, 
and the spinous processes of the back paiticU’* 
larly promiuent. In the loins, on the contrary. 
We ^nd the transverse processes more enlarged; 
for the purpose of giving a powerful mediaxuoal 
purchase to the muscles which are inserted into 

The chest of ruminant quadrupeds is eoin<- 
{uressed laterally in order to allow room for* the 
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mirestrainDd motions of the anterior extimity ; 
and the sternum prefects so as to resemble the 
keel of a ship. The bones of the anterior extre- 
mity are not joined to the rest of the skeleton by 
means of any bone corresponding to a clavicle ; 
blit they are connected with tlie spine and ribs 
only by ligaments and muscles ; so that the fore 
part of the trunk is in fact suspended between 
the limbs by its muscular attachments alone. 
This is not th^ case with the hind extremities ; 
for their bones commence with the pelvis, which 
ptoceeds backwards from tlie sacrum, but with 
a considerable inclination downwards, and has 
a deep hemispherical cavity for the lodgment of 
the round head of the thigh bone. The length- 
ened forms of the iliac bones, and also of the 
scapula, provide for the application of muscles 
of considerable length, which are consequently 
capable of communicating to the parts they move 
a greater vdocity than could have been eftected 
by muscles of equal strength, but with shorter 
fibres. 

Both the humerus in front, and the femur 
behind, are so short as to appear, on a super- 
ficial view, to form part of tlie trunk, being 
entirely enveloped and concealed by the large 
muscles connecting them with the body. The 
heads of the two humeri, in consequence of the 
absence of the clavicle, are brought very near 
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sd ^’to'occtii^^ tmaky 

* tedierhfetth the ' weight' -whiifentlie 

KffaVhdh'fe 'ahpp6rt. ' ' <■• < ■ -'■'/'jd ,i!<<i 

'TrtjfeVadihs ^aihd'tilna, which a^e the'two Iwwte 
dfithfe fbre artn, although centpictdly ae^arateiat 
4% ' %ir^ ^eifiod' of gi'oWth, ; aoott’ ' uhh)^ to* sfcwia 
hdt dhe bone. This anion begWiw' at their-Idwar 
^Md, ^itid jpfoceeds upwards to witMh aeltort^dk^ 
t&tice front the top, where a separatfen- way 
b^ bb'setWbd in the processes which projetetffbm 
that end, forming for some way down a diutipct 
Suinire. This union of the two bontes iiiaet,f<»of 
course, preclude all rotatory motion; but'<it"iB 
bali^lat^ to give the joint great semiifty : 
'^ahid this appears to have been the main objdct 
itf the conformation nf the whole- limb.: 

’Sbime process of Consolidation takes place' ia>the 
'hind leg, between the tibia and the fibula, : which 
So eompletely united, as to afford soitrc^ 
'any trace of their having been originally: sC- 

ptitate.' rt -nil 

■'' "The carpus and the tarsus are both of vcWy 
'liihited extent, and consist of a smaller nutnber 
' Pfi pieces than usually occur in these jmMis. 
^The'PbnsOlidation of parts is most omispiouuus 
’'ih'-the sficCeeding division of the Ihubi naiqely, 
ih^'cohStittiting the mcftacarpUs iti ahe ahtendr, 
and the metatarsus in the hind extremity. In 
eathet 'case we find itv consisting,,, imt .five 
bones; as' iii the Uaorb hi^ily organizod^eami- 



PVAl^RyPfiDS.., 5|Q5 

y^bfwia TORWWflAia, but of a eiugio b<^e ouly, 
tetmcidithe cohhoh bone, lu the early periods of 
ossiiication, however, they eacli consisted of two 
vlendieri bones, lying close and parallel to each 
other V hut afterwards united by an ossific depo- 
aitran^. which fills up the interval between them, 
-an<l leaves behind no trace of suture.* In pro- 
petrtion as the young animal acquires strengUi, 
ihe unkm of these two bones becomes still more 
antitnate by the absorption of the partition which 
separated their cavities ; so that ultimately they 
{constitute but one cyUnder, with a sii^Ie central 
cavjtyj which is occupied by marrow. 

, The .cannon bone is much elongated, both in 
;tbe ifone and hind extremity ; so that the carpus 
Arid tarsus, which are the commencements of the 
areaU. feet, are raised considerably above the 
> ground. It is a common mistake, arising from 
/the height of these joints, and the names they 
bear in ordinary language, to consider tiiem as 
the knees of the animal. The slightest inspec- 
/lion of the skeleton will be sufficient to show 
; that what is called the knee in the fore leg is 
IMGoperly the wrist ; and in the hind leg, the part 
' misnamed is really the heel. Thus the foot, 
{^specially in the .posterior extremity, is of great 
dength ; a structure which is evidently intended 
fi , 

ifl 'im iplie tthBfervatiolU “which e*uJ)liih lhi» fact are detailed* by G. 
•aUiHiliirfj in je paper;in«he,f‘ ifbWW 4* Museum," 
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to greater velocity to the aetioiMa of the 
mcMclieB, while it at the same time ensares the 
utmost steadiness and security of motion. 

At the lower extremity of the cannon bone 
there are two articular surfaces, indicating the 
originally separate ends of its fwo component 
bones. They are for the articulation of the two 
following bones, which are also very long, and 
which correspond in situation to the first pha- 
langes of the fingers and toes. These are fol- 
lowed by a second and third set of phalanges ; 
the last of which terminate in hoofs. All rumi- 
nant quadrupeds have thus a double Iioof; a 
character which is peculiar to this family. 

Thus, then, has Nature moulded the organs of 
progressive iqotion in this remarkable tribe of 
animals to accommodate them to the peculiar 
conditions of their existence, while she has still 
preserved their relations to the primitive type of 
the class to which they belong. Thus has she 
bestowed upon them the slender and elegant 
forms, so pleasing to the eye, which characterise 
the fleetest racer, and has provided for the agile, 
yet firm and secure movements which th^are 
to ex^cise in various ways in eluding the o%er- 
vation, and escaping from the pursuit of tlieir 
stropger and more sagacious foesi, This purp^ 
the^r cflect, at one time by rapid flight aepes 
exti^iEtuuye tracts of country ; at another, 
tli^ipent into unfrequented forests, of mountains 






>)kwi!4M®v0y&r.9Uit««^ 
P<4ntt W. pflinR*il*iB ^ 
pjaqfiiofj^if^tyfis attaiupd 
j^^e,! : this 8^«pe.,?|t!attW;>ltel 

,9^8W|ois Jwlf 9 4own upoiititip jwidiidc^ 

j^ek .fiir^her ,ari,n^fil*r 
tion. The astonkl^S feat® ^ftiagiUlytprUMftJWhf 
%,f;hi§„aRii^iaV »i>4^ by ^hiah ..Uta ,vmt}(ii^e- 
jr|epf^ei4, aiie paitpetually baflMi 

,V>VaE**o^^ it, sufficiently j, attest Ap 
P l^iOjctioa .of. its organization in re£^enoe to >aU 
thesp ^hgects. The chamois has often. beentPioen 
k>;4^ap dpwa a perpendicular precipice of itivrenty 
erjtl^irty feet in height, without ^upt<4ning,!the 
^fightest;ii»i.ury. How the ligaments, that jhiod 
the joints can resist the violent strains, and iPo«t- 
icps^Phs they ntost be exposed to in; thieBe/quidt 
U^djetring efforts, is truly wonderful. ; .M.i >i!« 
‘i.i^hile. Nature has provided these , ianimsds 
>vith fUe (ueans of safety from thei?.naore,ift)!»- 
mi#blp onPtnlp^> Itas not left them. al% 
^ethet without defence against then? roo5e„ eqtwd 
-riivals.in the field. It is on the head ith^rahe 
hftS: iropiaated those powerful affl«siVihjohj/H» 
amftetimns, wielded with.dfiadlys elfec|„An 
4}mtital Gombats-; , Hy^i.*whon)imd.. finm^d 
^)th)bor9s,i4te! ammid.instimifiyelyia.t^^ 
it^ilhiahnftd. wfietP lhoi fitontel; WpiiJw ihetm. 


expanded and fortified, apparently with aTview 

ill jf' M - . tt .V *r't -;t£ >ii 1 

to this 



it«a<bea®^%iltwfert * itefe^fenc^' ^d 'tli^ hoMl ’ #hf<ifi 
U(i(led<*st>l aa^ ttjTtted fe'vray’ fr^ '*fhfe 

•db^<ft6t^te>^W'Strudk. Ill the deer and'tlr^'tJi 
ti<il)|^, however • the horns are forthiciable tt^- 
offence s and it wiM be ihttho^tih^ t6 
iiiqnWe'iflto the nature of these orj^ns, and thfe 
^dfeOOttlfena of their production. ' ' 

xfThe'ftritlere Of the male stag are OAseone ^rdtf- 
Te«ite,‘>eu|»p<^ed on short and solid' hiherdles of 
thfe fiohtal hone 1 after reniaining nearly’ a yCsir 
ithey’ar«*cast Off, and soon' replaced by a neOdy 
fOttned ahtler, which is of larger sir.e than tlio 
Oho which was loet. Preriously to the fortna- 
tibh- of this strnctnre, those branches bf the 
Wtdry; 'termed the carotid, which supply bWbd 
to thb' frontal bone, are observed very raphBy 'tb 
dilate, and to throb*with unusual fdrce; ‘j!iO/d''dl! 
the blood-vessels of the skin of the -patt'tfe^teVe 
"antler is to arise, soon become di^tfeli&ed 
with 'Wood, an eflect^ which is accOtrti>attied'by 
gehcral heat and redness, like a part irt 
Wf (high inflammation.* Presently the* skih 'is 
blovtittid by ftie growth of a tubercle flOni thfe 
Mtbjdcoiit bone : this tubercle is at first a cart4- 
la|^, tmd after it ' has attained a certalni ’Steb=, 
Ib^meS oSsified, and groWs like other bssbdttfe 
iMittotaresi-fiiiAr footing into the fbtto of a lbn^Sf- 
(i 9 ied cylinder! aind'tlifen' dividing into branblicd. 

'W‘»i7 it ilu*'^ /iid ,f> *V * *'* '*• '■ 

* These phenomena are vopnccted with penodjcal chp.nrts in 



5^9 the M^HANICAU EVNCOTIOMS. 

IpUovr^ in its nlongatt(m by tbe ^in^rwttibh 
4iiring tbb time that the antler is igFdwtnjg 

is over it in every patty forming ■wbdt 

is called, from the delicate investment of. hair< 
velvet coal. The blood-vessels of the pi)(>j)er 
membrane of the antler, or p^nosteumy’ still con- 
tinuing to 8upply .it with the materials required- 
for its growth ami consolidation, deposit so great 
an abundance of bony matter, that its enlarge*. 
ment is exceedingly rapid. The wholes Cutlery 
which often weighs nearly thirty pounds, hais 
been known to be completely formed in’ tan 
weeks from the time of its first appearanccL' 
There is no otlier instance in the animal king*> 
dom of so rapid a growth; which is the more^ 
remarkable from its occurring in a small part 
of tlie system, and in a bony structure. 

After the antler has attained its full size, 
deposition of osseous substance still contiuues air 
its base, around the trunks of the arteries which, 
are proceeding along the investing membrane of 
the bojie for the purpose of conveying ndnrisfaii 
m^nt. The accumulation of this substance raises ^ 
a -ring, called the htrr, round that part 'of-Umi 
ander: and by encroaching on the arteviest 
themselves, it gradually diminishes their capan 
city of conveying blood, and they at length tbe*- 
come entirely obliterated. The hope, no longer^ 
receiving a superabundant nourishment, ceases tio/ 
grow; tUh.intieguments^hieh ooveredi it, deba|y,> 
and; becoming dry and shrivelled ,* arc . itoroj , by ; 
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rubbing against trees, and peel off in ' Idn^ 
shreds; leaving the antler exposed, which, by 
the) oontinned effects of the same kind of friction, 
soon acquires a polished surface. 

Daring many months the antler being suffi- 
ciently nourished by its own interior vetwels, 
continues in a living state, and preserves its 
connexion with the system. But at length the 
arteries, wht'ther from the effect of the progres- 
sive deposition of osseous matter, or from some 
change in the balance of the vital powers, shrink 
and become by degrees obliterated. The antler 
dies in consequence, and although it continues 
to adhere to the skull, it is only as a foreigrt 
body, and it is not long destined to remain thus 
attached ; for the absorbent vessels are now ac- 
tively employed in scooping out a groove of sd- 
paration between the living and the decayed 
substance, at the place where the base of the 
antler is contiguous to the frontal bone. As 
soon as this has proceeded to a sufficient depth, 
the adhesion ceases, and the slightest concussion 
occasions the fall of the whole structure. After 
thd separation of the antler, the eminence of the 
frontal bone on which it stood is left rough and 
uneven like that of a fractured part: but the 
surrounding integuments soon close over, and 
cover- it completely; until the period arrives' 
wb«i it is to be replaced by a new antler, which 
exhilnts the same succession of phenomena in 
its growtli and decay as its predecessor, only that 
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ks developement is usaally carried ferther, the 
new stem being both thicker and longer, and 
the branches wider and more numerous. The 
antler of each successive year has, consequently, 
a different form from that of the preceding^ and 
when the animal has attained a certain age, the 
extremities of the branches present broad ex- 
pansions of bone, which the antlers of an earlier 
growth had never exhibited. 

The short bony processes which extend in a 
perpendicular direction on the head of the 
cameleopard, are analogous, in some of the cir- 
cumstances of their formation, to the antlers of 
the deer, being of an osseous nature, and con- 
tinuous with the frontal bone: but in other 
respects they are very different; for instead of 
being annually shed, they remain through life, 
and continue to be covered with the integu- 
ments, which retain, at the extremities, a tuft of 
hair. The developement of these processes in 
the young animal takes place in the same man- 
ner as that of an antler, but it reaches only to a 
certain point, upon attaining which the growth 
is arrested, and never proceeds farther. Thfe 
arteries cease to deposit superabundant nourish- 
ment, but continue to maintain an exact equili- 
brium between the expenditure and the supply ; 
so that the horns of the cameleopard are never 
shed, and remain permanent bony structures. 

A further modification of this process occurs 



hffer 5 W fff9f^mfi 

ftooAal .bone^ar^ 

ppna®9»e4 ,'Of horfx, tbe 

4ia«reiU,fn;¥tt il»9^ 

bonp of tlie,/o^r§be^ ; tlie, ?Jf}ft 

cedes the antlers of the deef, ts, 
fw4j If^^v = As tlte sjiull exi>wd4, ftUif 
q|] ^n^Oguflient becomes more, aud ,¥iorq coJIpju^l 
tijyi^it,^ cpjiv^ted, by Ute action of the 
^^s^^4*ito, a solid, hard, elastic, aod in^oha^bl^ 
f^\)f9Ui?,^b^aucc, fitted to y;iwe etfe^toal 
^9^:i,-,tQ,,the subjacent bony layers ,-vy,h 4 ^,,ftyjf 
fpri^g (. underneath . it. The highly, Y99<?J‘»i9f 
ijj^pi|tmp^,[,from which these now,, Bh^uc^^f 
ar;ise, appears to have different, pp!^f!r^,qf 
^it jt^ two surfaces: for while the wfl^ 
f^r^e jsfprna,ing the osseous portiop of the hqn|^ 
uppijing, t,he phosphate of lime re^uirpd fRf 
Jhgjcpp^rvolsion of its plates and, fibrosi ,tlte 
^g^^|ur%:eriS adding successive layprspC^WW 
Sgl^tanpp|ti0,the.4aner side of those, portion, 
h^,h^p, .hie%^ ^eposi^^ These dw^o ppgj:^- 
ojfl^r a, rewta^hablo couttasit, j>offe 
pfi,tt¥ftftpgr4waftP!e.:and=as tp,,^ 
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i» an organic etractare, which continues to be 
nourished by vessels forming part of the general 
system: the horn is a mere excretion, which 
appears to be destitute of vessels, and is, conse- 
quently, remov^ from the influence of the 
living powers. Thus the growth of horn is 
somewhat analogous to that of shell ; for the 
layers which compose it are deposited in succes- 
sion ; each new layer is agglutinated to the 
inner surface of the preceding ; and each has 
the shape of a hollow cone, occupying the part 
towards the apex of the former cone, and ex- 
tending farther towards the base. Hence a 
longitudinal section of the whole presents the 
appearance represented in the annexed figures 
(218*), where a is the section of the horn of an 
Ox, and b, a similar section of the horn of an 
Antelope. C is a magnified view of the extre- 
mity of the latter, together with a portion of the 
bone D, which occupies the axis of the horn. 

In this process of the formation of horn, as 
happens in that of shells, there sometimes occur 
irregularities, or periodical intermissions and 
increase of action in the secreting organs, giving 
rise to transverse grooves, or ridges. These 
may be seen in the horns of the goat, in which 
the fibres are short, and laid one over another 
with the same regularity as the tiles of a luNise. 
The tendency in these horns to assume a spiral 
form is explicable on the same principle aa 
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those which r^ulate the growtli of turbinated, 
sheik. The horns of the ox and of the an- 



telope tribes are formed of longer and more 
continuous fibres, which are closely compacted 
together, and exhibit very distinctly the series 
of hollow cones of which they are composed. 

The horns of the Rhinoceros, both of the one 
and two homed species, grow from the integu- 
ment covering the nose, to which they adhere 
without having any connexion with the sul^ja- 
cent bones. They have a pyramidal shape, 
and are composed of parallel fibres, resembling 
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hairs, agglutinated U^ether into a solid mass 
by a material which acts as a cement. This 
fibrous structure is most distinctly seen at the 
base of the horn, where the ends of the fibres 
project, like those of a brush, from the surface. 
When these horns are sawn transversely, and exa- 
mined with a magnifying glass, a great number 
of orifices are seen, marking the empty spaces 
that intervene between the hairs ; and if the sec- 
tion be made in a longitudinal direction, the same 
i^aces give rise to the appearance of parallel 
grooves. These horns are not deciduous, like 
those of the stag : but continue to adhere ^ the 
skin, and to grow from the root, in proportion as 
they are worn at the extremity. 


§ 6. Solipeda. 

The Solipeda form a natural family of quadru- 
peds, including the Horse, the Ass, the Quagga, 
the Zebra, &c. which are very nearly allied 
in their conformation to the ruminant tribe. To 
combine fleetness with strength has been the ob- 
vious design of nature in the construction . pf 
these animals. We find, accordingly, that the 
conaolidation of the bones of t^e foot is can^ 
still further than in the ruminant tribe ; for in 
place of the two parallel phalanges, which me 
in the latter articulated with the cannon bone 
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there is here only a single metatarsal bone. The 
three phalanges, of which that single finger con- 
sists, bear the names of the pastern, the coi'onet, 
and the ftone; and the hoof, of course, is 
single likewise ; there is also a small bone, con- 
nected with the last, and called the shuttle hone. 
To the cannon bone are joined, behind, and on 
the side, two much shorter and very slender 
bones, which are rudiments of the other metacar- 
pal bones. They have been termed the styloid, 
or splint hones ; and are generally united by ossi- 
fication with the cannon bone. The scapula of 
the horse i^ery narrow, and placed very nearly 
in a straight line with the humenis ; which latter 
bone is very short, and scarcely descends below 
the line of the chest. The thigh-bone is also un- 
usually short. The muscles, which extend the 
joint, and throw tlie thigh backwards in kicking, 
are particularly powerful. This is the natural 
defensive action of the horse : and its force is in- 
creased by a particular process with which the 
bone is furnished, and which has the form of a 
strong curved spine, situated on the outside, and 
opposite to the lesser trochanter,* giving to the 
muscles the advantage of a long lever. The cer- 
vical vertebrae have only short spinous processes 
they might not interfere with the motions Of 


* Thi* process has been termed the pro^et$ut recurvatxu fi- 
morift. 
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the neck^ In the vertebrae of the back, on the 
othet* band, these processes are remarkably long, 
especially at the part where the shoulder rests; 
their projection constituting what is called the 
Witims. 


§ 7. Packydermata. 

Fbom the horse we pass by a natural transition 
to the Packydermata, a small group of animals 
interesting by their peculiarities, and by their 
being remnants of a very extensive*tribe, which 
formerly inhabited tlie earth, but have now almost 
entirely disappeared. Although they feed upon 
grass, they do not ruminate, nor are they cloven- 
footed. They are for the most part huge and 
unwieldy animals, with thick integuments, ren- 
dered tough by a large mass of condensed cellu- 
lar substance, which forms the chief defensive 
armour of those that are destitute of either tudc, 
proboscis, or nasal horn. 

The most remarkable genus of this family is 
the Elephant, the colossal giant of quadrupeds. 
-The many peculiarities that are observable in 
the conformation of this animal have all an 
obvious relation to the circumstances of its con- 
dition. Formed for feeding on a great variety of 
v^etable substances, and more especially on 
the tender ^odts of treeil, fruits, and grains, as 
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wcsll as on herbage, and succulent roots, its 
organs of mastication are powerful, and its 
teeth of great size. The whole of this apparatus 
requires an immense developeuK^t of bone to 
render it efficient; so that tlie head, with its 
huge tusks and grinders, is of enormous weight. 
Had this ponderous head been suspended at the 
end of u neck of such length as to admit of its 
being carried to the ground, as is the case in 
grazing animals, it would have destroyed the 
balance of the body, and would have required 
greater force to raise and retain it in a hori- 
zontal position than was competent to any 
degree of muscular power. Nature has accord- 
ingly abandoned this form of structure, and 
has at once curtailed the neck, bringing the 
head close to the trunk of the body, and sup- 
porting it by means of short, but powerful 
muscles, which are not implanted in any par- 
ticular point of the skull, as tliey are in other 
quadrupeds, where the occipital bone forms 
a crest or ridge for that purpose; but the 
geimral surface of the cranium has been en- 
larged by an immense expansion given to its 
interior cellular structure, and thus the muscles 
are attached to a considerable extent of bone, 
instead of being affixed to a single process, 
which would have incurred great risk of being 
broken otf by their action. These large cells 
are constructed with a view to combine strength 
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with lightness ; this plates which <fiHm thear'sides 
’being di^csed in a radiated matmear towards^the 
circumference, and arranged with great se^- 
larity ; and the cells themselves, instead of ^on- 
' taining marrow, are filled with air, by means of 
communications with the Eustachian tubes, 
which open into the nostrils: thus a great 
extent of surface is 'given to the skull, without 
any addition to its weight. The ligamentum 
nruchae also comes in aid of the muscular power, 
being here of vast size and strength. ' 

The head being limited in its range of motion 
by its approximation to the trunk, the mouth 
cannot be applied directly to seize the food : and 
some means were therefore to be provided for 
bringing the food to the mouth. For diis pur- 
pose a new organ, the proboscis, has been con- 
structed ; it consists of a cylinder, perfectly 
flexible, and of a length sufficient to reach the 
ground, when the elephant is standing. The 
animal has the power of moving it in all posable 
directions by means of a prodigious number of 
muscular fibres, which are collected in stnall 
bands, some passing transversely, and radiating 
from the interior towards the circumference, 
others situated more obliquely, and a third set 
running longitudinally, and forming an exterior 
iayef : but they are all variously interladM 
;^efher ^ as to cqijapose a very compUc^^^^ 
arrangement. The extremity of the proboams, 
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k endowed with great sensibility, is fur- 
nished with an appendix, resembling a finger, 
most of the functions of which, indeed, it is 
oapable of performing. 

For the formation of this admirable member 
it has not been necessary to deviate from the 
ordinary laws of developement by the creation 
of a new organ ; the same end being accom- 
plished by the extension of a structure already 
belonging to the type of mammiferous animals. 
In several of the pachydermata the nostrils are 
already considerably advanced, so as to form a, 
moveable snout : this is observable in a certain 
degree in the Hog ; it is still more remarkably 
seen in the Tapir, which has a snout so length- 
ened and so moveable as very much to resemble, 
though on a far smaller scale, the proboscis 
of the elephant. This latter organ, then, may 
be considered as merely an elongation of the 
nostrils, which have been drawn out to suit a 
Bpecicd purpose, very different from the function 
to which that part is usually subservient.* 

While fleetness and elasticity are the results 
of the niechanical conformation of the horse,’ 
solidity and strength are the objects chiefly 

f A defective devebpement of the bone* of the nasal cavity, 
the natural growth of the soft parts has continued, t^s 
often, in the case of the human foetus, given rise to a monstrosity 
* Vi^ much liesenvbling the trunk Of the tapir or of the etephabt. 

OeoSVoy^ St. HilairCi) ^ u . 
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^imed at in tlie construction of the pachydenuata. 
The limbs have a great weight to sustain, in 
consequence of the huge size of the body ; and 
hence the several bones which compose the 
pillars for its support are arranged nearly in 
vertical lines. The joints of the elbow and knee 
are placed low from the body ; the ulna in the 
forelegs, and the fibula in the hinder, are ftiUy 
developed, and are distinct from the radius and 
the tibia. The number of the toes, instead of 
being reduced to one, as in the horse, or to two, 
as in ruminants, is here increased to five: though, 
in consequence of their being very short, and 
of the skin which covers and surrounds them 
being very thick, they hardly ap^iear exter- 
nally, and are distinctly recognised only in the 
skeleton. 

It would carry me far beyond the limits of the 
present work, were I to engage in a detailed 
examination of all the varieties of forms and 
structures that occur in the mechanism of the 
different tribes of mammalia, in reference to the 
purposes they are intended to serve, and to the 
peculiar circumstances of the animal to which 
they belong. 1 must necessariiy pass over a 
multitude of instances of express adaptation, 
which are suited only to particular cases, and 
are, consequently, of minor importance as regards 
the general plans of organization, in the sort 

bird’s-eye view which 1 am taking of the end- 



MAMMALIA RODENTIA. 


523 


less modifications of structure that have been 
executed in conformity with those plans, 1 am 
able particularly to notice only such as are most 
remaricable. 


^ 6. Rodeniia. 

As the tribes of mammalia we have hitherto 
examined employ the anterior extremities for 
the purposes of progression only, they are desti- 
tute of a clavicle. In most of those which follow, 
and where a greater developement of tlie limb 
confers more extensive and more varied imwers 
of motion, applicable to a greater range of objects, 
this bone is found. In the greater number, 
however, it is merely in a rudimcntal state ; that 
is, developed only to a certain extent, one portion 
being bony, and the rest cartilaginous ; as if the 
ossification had been arrested at an early ^ge. 
These imperfect clavicles are too short to connect 
the scapula with the sternum ; tlie rest of the 
space being eked out by cartilage, and by liga- 
ments : but still they are of great use in affording 
points of attachment to tlie muscles of the limb, 
and giving them the advantage of acting by a 
rigid lever. The carnivorous tribest which make 
considerable use of their fore paws in striking 
and seizing their prey, have clavicles of this 
description. Those quadrupeds which have to 
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execute still more complex actions with their 
fore feet, have perfect clavicles, extending from 
the shoulder to the chest, and connecting the 
bones of the anterior extremity with the general 
frame- work of the skeleton. This is the 
in a large proportion of the family of Rodentia, 
such as the Squirrel, which employs its pawn 
for holding objects ; and the Beaver,* which 
likewise makes great use of its feet for moving 
and arranging the materials of its habitation. 
Animals that dwell in trees, and require to grasp 
with force the branches in moving along them, 
such as the Sloth, have also distinct clavicles. 
Animals which rake or dig the ground, as the 
Mole, the Ant-eater, and the Hedge-hog are all 
provided with these bones, which, by keeping 
the shoulders at the same constant distance from 
the trunk, and affording a firm axis for the rota-» 
tory motions of the limb, materially as^t them 
in the performance of these actions. 


* The beaver presents a singular modification in the structui>d 
of the tail, which is expanded into a flaUened oval dislf, coyeiefl 
by a skin beset with scales : the whole forming a mechpn^ice^ 
instrument,' which may be compared to a trowel, exceedingly 
well adt^ted for the purposes to which it is applied by the ai^iintU 
in QOQStrtjtctiDg its mud habitation. 
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§ 9. Lusectivora. 

In the tribe of htsectivorous quadrupeds we meet 
with several races which present singular confor- 
mations. In none are tliese anomalies more re- 
^prkable than in the mole, an animal M'hich 
nature has fanned for subterranean residence, 
and whose limbs are constructed with a view to 
the rapid excavation of passages under ground. 
The hands of the mole, for its fore paws almost 
deserve that appellation, are turned upwards and 
backwards for scooping the soil, while the feet 
are employed to throw it out with great quick- 
ness. These mining operations are aided by the 
motions of the head, which is lifted with great 
power, so as to loosen the ground above, and 
overcome the resistances that may be opposed to 
the progress of the animal. That no impediment 
might be offered to these motions of the head, 
the spinous processes of the cervical vertebrae 
have not been suffered to extend .upwards, 
i^arge muscles are provided for bending the head 
backwards upon the neck; and they are as- 
sisted by a cervical ligament of great strength, 
which is generally in part ossified. The 
muscles of the fore extremities are also of ex- 
traordinary power. The scapula is a long and 
slender bone, more resembling a humerus in its 
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shape than an ordinary scapula : the huiherus, 
on the contrary, is thick and square, and the cla- 
vicle is short and broad. The radius and the 
ulna are distinct from each, other ; the hand is 
very large and expanded; the palms being 
turned outvm,rd8 and backwards, and its lower 
margin being fashioned into a sharp cutting 
edge. The carpal bones and the phalanges of* 
the fingers are very much compressed ; but they 
are furnished with large nails, which compose 
more than half the hands; and they are ex- 
pressly constructed for digging, being long, 
broad, and sharp at the extremities. The ster- 
num has a large middle crest, and is prolonged 
at its extremity into a sharp process, having the 
figure of a ploughshare, thus affording an exten- 
sive surface of attachment for the large pectoral 
muscles, from which the limb derives its princi- 
pal force. The head terminates in front by a 
pointed nose, which is armed at its extremity 
with a small bone, intended to assist in pene- 
trating through the ground. 

While pll this attention has been paid to the 
developement of the anterior part of the body 
to which tliese instruments specially contrived 
for burrowing are affixed, the hinder part is com- 
paratively feeble, and appears stinted in its 
growth, and curtailed of its fair proportions. 
The pelvis is exceedingly diminutive, being re- 
duced to a slender sacrum ; and it is thrown far 



back from tke abdomen, to which ^ eonWfii# 
no eflfectual protection. Hence the animal, 
when above ground, wtdks very awkwardly, and 
is unable to advance but by an irregular and 
vacillating pace*’*' 

We have seen that there is a tribe of fishes 
armed externally with sharp spines, which they 
are capable of erecting when in danger of attack. 

A similar kind of defensive armour is furnished 
to the Porcupine and the Hedgehog, which be- 
long to the family of insectivorous quadrupeds. 
For the purpose of erecting these bristles, when 
the animal is irritated or alarmed, there is pro- 
vided a peculiar set of muscular bands, which 
forms part of the usual subcutaneous layer, 
termed the patmiculus carnosus. In the hedge- 
hog these muscles are very complicated, and 
give the animal the power of rolling itself into 
a ball. A minute description of these muscles 
has been given by Cuvier, who found that the 
whole body is enveloped in a large muscular 
bag, or mantle, lying immediately under the in- 
teguments; and capable, by the contraction of 
different portions of its fibres, of carrying the 

• The only quadrupeds which resemble the mole in the perfect 
adaptation of their structure to the purposes of burrowing, are 
the Wombat and the Koala^ which are among the many extra- 
ordinary animals inhabiting the continent of Australia. Their 
hind legs are constructed in a manner very much resembling the 
human fore-arm. (See Home, Lectures, i. 134») 
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into a tliick oval disk, of which the dfarea, 
much accumulated at the circumference. 
the edges of this disk there pass down auxilf^r)^ 
muscles towards the lower parts of tlie bodj, ; 
action, of which muscles tends to draw' 
downwards, and to coil it over the head andpawa» 
in the manner showm in Fig. 220, like the clqsmg 
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the greater expansion of their brain, the supe- 
rior acuteness of their senses, and their enor- 
mous muscular power. The trunk of the body 
is lig^r than that of vegetable feeders, espe- 
cial]^ in the abdominal region, and is compressed 
latefally : the spine is more pliant and elastic,* 
the limbs have greater freedom of motion, the 
extremities are more subdivided, and they arc 
armed with formidable weivi)ons of oll’enee and 
destruction. Great mechanical power w'as re- 
quire for raising the head, not only on account 
of the force to be exerted in tearing flesh, but 
also that these animals might be enabled to 
caftry away their prey in their mouths. Hence 
we find that in the Lion, of which the skeleton 
is represented in its relations to the outline of 
the body, in Fig. 22 1, the first vertebra of the 
neck, or atlas, has very w'idely expanded trans- 
verse processes, while the second vertebra has a 
largely developed spinous process, for supplying 
levers for the muscles which have to perform 
these and other actions in which the head is 
concerned. 

The whole of the remaining part of the ske- 
letim these animals is constructed with re- 
fereace to their predatory nature. The sudden 

♦ The suppleness of the spine might at once be inferred, on 

fimple inspection of the skeleton, from the circumstance that 
he vertebrse of the neck and loins have a comparatively s^nall 
iei^opement of their spinous processes. 
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epringfi with which they pouhce upon their 
prey must impart to the whole osseous frame the 
most Tiolent concussion. The first stroke wjnh 
which they attempt the destruction of their 
victims is given with the fore leg : so that had 
the limb been rigidly connected with the sternum 
by means of an entire clavicle, its motions would 
have been too limited, and danger of fracture 
would have been incurred. The scapula is 
broad, and the humerus of great length, com- 
pared with the same l)ont» in ruminants ; and 
the latter has liesides a large surface for its 
articulation with the former of thes«! bones, 
thus allowing of a great raiige of motion : dw* 
radius and ulna are }>erfectly distinct, an<i play 
extensively on each other. 



The fore feet rest on tlie ground by means of 
the st'cond of the three joints of which each toe 
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» oomposcii. Tin; liwt piialHiifieti ar« nibted ttt 
right angleM t«> the turiuer. lur the piirpone of 
8ttp{>ortiag the c'Ihwk iii uu ert'et ^K>»iu<>u. It 
has lH?en eoitfiilerwl of inirh iuiportaiMX' to pre- 
aerte thoM* foriuuiahh; iuHTuna'iitH eoualtuttly 
shnq), iitid in n ('oiulitiou tiUt**! for iiiuuetliidt' 
Mae, that an <!Xjjrt»*H ('OutrivaiKo h«.s Imhui re- 
aorted to for thit* pur|Ki»H.'. It tit u 

aliealli, within Mhich the ciiiaN \vheit not ei»- 
pk)yotl. urt* kept retnn-tt'U, l*y niOMUs of uir 
tsiaatiu liguuuMit, wliieli coimtautly U-uda to witii- 
draw thorn within th«‘ ahoatli ; aial they art* tit 
Uio Maine tinn- an (onnt'otod with the tt^udoua of 
the tlextw mUMoloa of tin* Iihti, that thv lnoMu.'lit 
theao musoloM ari' thrown into artion, wliioh ih 
the cast* when the aiiiinul aiiiiM a ntroko with itM 
paw, the clttWH an- instantly drawn out, and 
inflicting the sovcrost hn-cratioUH.* 

t'onnected with the auperior atreugth of tin- 
btad extremittoM, we And the ladvii exteiidiiig 
fart tier backwarda, und more in u perpcndifailar 
line with the fetmur. TImm latter liono iit longer 
and more alemler than in the horae« but it is 

"I 

more coinfiact fe ita Ibrm, .'nid ita prr>reaNeM arc 
more MtroiiKly devciopeit : tlic ftbitln is a Mpa- 
rate iHmo from the tibia. The niiifn h«, in 

• Then: con« calH in the tuft of h tir, at the eitreuuly 

of tl>e lion't ta*l» a Mnall conical and curvid claw, 

U attaefn^ to the *tkin ortly, and not to (he lant ciindal vertHira : 
fr It 4 iflwidt to iHmioitunp whal enn b* iti tihe. 
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f^eiia), ai^o more divided ihto portions, and fir^ 
thus capaMe of greater diveraity of action, ^ the 
same time that they have greater power than 
those of l»eri[>ivoro«B q«adni|>eda. The articular 
mirfaces are of greater extent, and are lubricated 
uith a more copioim atipply of synovia; thdr 
ligaments are more <lelicate and more numorotis ; 
and the joints, in general, adapted to a greater 
variety of movements. All these provisions are 
evidently directed to confer ureat freedom and 
facility of motion, and to enlarge the sphere of 
action of the IkmIv genersilly, as mcII as of the 
limbs. 


§11. Qtindrunutna. 

r 

Wk may trace in the series of qundrujHds which 
have come nn<ler our r< view a gradual increase 
in the develo|M'inent of the hin<l feet: beginning 
fit»m the horse, which is single hoofed, or 
$nlipe<i* : next to which rank the cloven -fooftetl 
nnninantn, a tribe which includes the camel, 
whose foot is widely expanded for the purpose of 
treading wx-arely on sand ; then come the 
ilhinoceros, which lias three hoofed toes ; the 
Hippopotamus, which has four, and the 
phant, which has tire. To tliese succeed ano- 
ther series, where nails, or claws, are substHiited 
for hoofs, os is the case witli all the Cmrivivora, 
which, standing cm the extremities of their toes. 
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bare been tensed Then foibw 

tim PlmUigrade quadni|)edts »ucli m the bear* 
(be badger, the liedgebog, and the ni<de, which 
VMt ^itii the wbpJe loot on the ground, and arc 
iu consequence ablt* to make gn^at use oi' tlieir 
fore |>aws. Tlie»<‘ conduct iih to the himily of 
the Qiutdrtumuut, coiupreheiiding tlu' iMuukey 
and the l^einiir triitcH, which iin- churactt^rbed 
by tuiviug the inner toe (|uile distinct from the 
Otheri^ like the hiiiniui thumb, and w inch appear, 
therefore, ua if tia^y iuul four hniuis. 

The Quadruiuauii pnanait the ueareat upproxi* 
nuition to tite human struct iin-; they are natu- 
rally iiibabiUuita of the forest, aixl tlieir coiifor- 
nuition is adtipUHl to the actions of climhiiit; iqMiii 
tre<‘S, ofgmspiim the hranchcH, and of Hpriiiging 
from the one to the other, with precision and 
agility. It ia here tliut tiiey are at home ; it ia 
here Uiut they gather t he l«M>d which is iiaiHt auitiai 
to their nature ; it is here that they engage in suc- 
cessful combats with ser| tents and other enemies; 
retaining their pOHilioiiHin |><*rf(v-t security on the 
tuoviitg brauchea, or sportively swinging by 
tlieir exLreinilieH iu the tiir. Until the fciet and 
the bauds are fonned for this ajiefncH of prehen- 
sion,; and many arc further provided with a 
strongly prelu-uailo tail, whicii is an instrument 
admirably adapted for all thene purposes. Henoo 
tiie aUititde most natural to these uninnds is 
neither tlie horizontal one of ejuadrupods, nor tlie 
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(:rect posture of irmn, but an intermediatB or 
semi-erect position. 

Tliis view of the living habits of the quadnt- 
tnaua will afford tire key to mo^ of the peculia- 
rities of structure tliey present to our observadon. 
Tlie head, T)t!ing no longer suspended at the end 
of a horizontal, or recurved neck, is, in tiie usual 
attitude of the animal, supported chiefly by the 
(•ervical vertebrje. The gn^ater dcvelopement of 
the brain, and more especially of its pcwterior 
lobes, creates a nect'ssity for an extension of the 
occipital hotie in that dii*ertion ; a portion of the 
weight to Im* sustained by the atlas is acccadingly 
thrown hehind the centre of motion, which is at 
its artieulatioii with the latter l>one ; and this 
weight tends, therefore, t«» balance that of the 
anterior part of the In^ad ; hence there is no need 
of the strong cerviful liganu'nt, whicli is so uni- 
versally met with in ipindriipeds. and althougli 
this ligament exists in the monkey, it is very 
sU«nder, and of no very great extent. 

(Jreat mobility has Ihxjii conferred on the 
spine by the form of its articulations; ami the 
rawlal vertebra* an> generally greatly nmJtijilied 
to tomi a tail of tnnsiderable length, wliiidi jn tbo 
Ateti's, orspidermonkey of America, is moved by 
powerftil mnscleH, and is au orguu of gmut flexi- 
.bility and strength. Monkeys possess a distinct 
clavkrle, tt lengthened humtams iuid femur, i a 
radius and alna niovenble upon tntcli other, Utul 
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a hand iieady approaching to the human con- 
struction. But the thumb is leas developed, and 
its muscles are much weaker than in uiuii. 

The hones of tlie pelvis, as well us Utoso of 
the iei; are cionuatiHl. for thi^ pur|K>Hu of giving 
greater lenifth to the mtiscU'S which arc to move 
tlieir s<mmti |>arts ; by this me)m.>«, altliuiigh the 
frowe with which they act may Ih' somewhat les- 
sened, yet the T«‘locity of tin* motion tlnjy pro- 
duce is tncrrase<l in tiie stiiot; proportion. The 
tibala is here a l)one of more importance than in 
(|oadrupo<Ls ; for it fK'^rforuis a motion of rotation 
round the til>ia, anulogons to that of the radius 
upon the ulna, giving a gnnU <>xtent of action to 
the foot, and converting tin' leg into an arm, us 
we have air<*udy seen that the f(M>t itself is trails- 
formt'd into a hand. A small inclination is given 
to the articulation of the tarsus with Uiesc lust 
mentitmed bones, wiiich imparts a degree of 
twist to the feet, throwing the soh? inwards, and 
causing the monkey while walking to rtJSt chiefly 
on its outer «'dge. This seeming detect gives a 
slight ap{tcarance of awkw'urdiiess to tlie gait; 
it ip not, however, Ui he viewed us an imperfec- 
tion, for it is evidently designed to assist tlse ani- 
mal in climbing trees, which is its most usual 
action, the oblique position of tlie foot euahting 
it most efKpctiially to lay hold of tlte branches. 
Monkeys are (evidently not formed to excel in 
swiftness: for thelieel, in tlicse auimuls, prestmts 
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MO 

MO lai^ prnjoctioti, as- itt othi^r ' 
malift; nor are the mtwclc* that’ i^e 'Itrseited 
into the heel particnlarty powerful; theyhiH^ly, 
indeed, ran be said to cOBojaiiAe a calf-a»i«-the 
htunaii leg. 


§ 12. 3Iau. 

The scries of stmetJires modelled on the charac- 
teristic tvjie of the Mammalia, after haying ex- 
hilatcd the succtissirf* develoj>ement of all its 
ulunuaits, attains the highest perfection m the 
human fuhric : for even independently of those 
prerogative* of intellect and of sensibility, by 
a'hich Man is so far exalted above the level of 
the brute tTealion, both his physical struettire 
and his physiological constit<ition place him in- 
contetaibiy at the suininit of the scale of terres- 
trial beings. <k>n8idered zoologically, md^ed, 
the human sp<‘xries must rank among the Mam- 
innlia, and it evai makes a near approach to 
tlie Quadruinana ; yet there exist many peculia- 
rities of Htnieture, which entitle Man to be placed 
in a st'parate order, w here disclaiming any close 
ailiance with inferior crt^atnrea, be praodly 
stands iUone, towering far above them all. 

It is not, however, on a pre-etninenrc in- any 
lUBgle piiysical quality or luDctian that this tide 
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UpMiiptiiaority can be founded ; for in endi of thaw 
6nd\D(vineute man i» excelled in turn by particu- 
laif jcacea of the lower animala ; but the chief per* 
feetion of hia frame couaitm< in iu frciu^ral adap* 
tatibn to an iii('on)|iand>ly greater variety of ob* 
jec’ts, anti an infinitely more (‘Xpanded sphere 
of aetiofl. Aa tlie Ix'auty of an edifice dejM'iidH 
not on the elalKtrate finishing of any one |M>rtion, 
but nwilta from the general suitableiieH!* of the 
whole to the purjMiMS for which it waseonstnieti'd, 
HO tlie excK-lleiiee of the human fabric is to lie 
eHlimated by the exipiinite proportion and har> 
liioQy sulmiHUiig among all itn partH, and fier~ 
vaflUig tin* whuU* Hvateiii of itn functioiiH. The 
design of itn htruetnre and economy embraceH 
widely ditiereiit. and far higlu-r aimn tliun thnne 
contetn plated in the orgunizatjoii of any of die 
inferior animalH. Di'stined to an intellertuul, a 
aoeiul, and a moral cxintenee, Man han iiad 
every {>art of hia oiiganization motlilied with an 
CxpfeHH relation to theiH* great objeeta of bin fbr^- 
mutton. Thui will bent apfieur when we come to 
fcjxiuuine the organs wliicb ore sulwerv'ient to 
the mmaitive and active fucultieft ; but c^ven 
heKv where our viewa inunt, for the pn-aeut, be 
limited to the mechanical circumstances of his 
^jMCluxe, the pruo£» are suflicientiy numerous to 
warrant Uiis conclusion. 

Man presents the only instance among the 
mamifialia af a conformutiou by which the erect 
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pasture! dan -be; permanently maintaioed, and in 
whicb..thei office of taippoitiDg the trunk outlie 
body is'Conttgned exclasively to the lower extre- 
mlbtes. To this intention the and arrange- 
ment of all the parts of the osseous fisibric, and 
the posiUon and adjustments of the wgans of 
sense have a well marked reference.* The 
low0r limbs are qualified to be the efficient in- 
struments of progression by their greater length 
and muscularity, compared with tlie geuerality 
of quadrupeds. The only exceptions to this rule 
occur in those mammuUu which are constructed 
exj>ressly for leaping, sucli as tlie Kangaroo aud 
Jerboa, wliere, however, the hind legs are em- 
ployed almost solely for that mode of progression. 
The Quadruniimu, which come nearer to tiie 
liunian form tiiun any of die other tribes, have the 
lower limbs comparatively weak. In almost all 
other (piadrupeds the disproportion is still greater, 
the thigh being short, and almost concealed by 
the muscles of' the trunk, iuid Ute remainder of 
the limb beiug slender, and not surrounded by 
any considerable mass of muscles. 

* In m6st quadrupeds, as we have seen, the thorax m deep to 
Uus direction from the aleroum U> the spine, but is compressed 
laterally, for the evident purpost* of bringing the fore limbs 
nearer to each other, that they miglit more efiertually support 
the anterior part of the trunk. 1o Man, on the contrary, the tho* 
rai is Battened anteriorly, and extend* more in width than ta 
depth ; thus throwing out the shoulders, and allowing as eiten* 
sivf run ^r of motion to the arms. 
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The atticttlar Mitfacee ef the kn<^ joint ate 
broader, and admit of greater extent of nmtion 
in man than in (pindntpcHii^ : hence the leg cnn 
l>e brought into the wane lino with the thigh, 
and tbmi with it a straight and lirni coiunin of 
support to the tnink ; and the long lux-k of the 
thigh bone alKras <»f more c^wnplete rotation. 
The wid<*ly spreml basin of the pelvis eil'ectiinlly 
sustains the weight of tlie digi^stivc organs, and 
they rest nmre particularly ujH)n the broad ex- 
pansion of the iliac Imnes; in «|uadnj|Kds, those 
Imnes, having no siu'li weight to siip|Hiii, ana 
much narrower. 

The hase (»n wliieh the whole lusly is sup- 
jMirted in the <re<’t fstsition is constituted by the 
toes, anti hy the heel, the bone of aJiieli projects 
imekwartls at right angles to tlit* big. Hotw<x:ii 
these |M>ims the st>le tif tlie foot has a taiueavtty 
in tw'o dirt'Ctions, the one longitadinui, tiie oilier 
traiisvenw', conslitiiting a double arch. I’liia 
eonstrnction, liesides etMiterring strength and 
t-ltistieity, provides room for the «-onvenicnt pas- 
sage of the leiuhms of ihi* toes, which proctxid 
downwards from the larger inuseles of the big, 
and also bir the bxigemeiit of smaller muscdes 
affixed to <'ach individual joint, and for the pro- 
tection of the various nerv<*s anti hltHsl vi^scls 
distributed to all these |mrts. The ctincavity of 
the foot adapts it also to retain a firmer hold of 
the inetpmlities of the grounti on w'hich we 
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XxesniL The muscles which raise tiieJheel^eiKl 
which compose the calf of the leg, are 
size and strength, and derive a considerable in- 
crease of power from the projection oS the bone 
of tht; heel, into which their united tendons are 
inserted. In all these resjjects the human struc- 
ture possesses decided advantages over thafe of 
the moukey , with reference to the specific objects 
of its formation. 

It is impossible to doubt that nature; intep^d 
man to ivssiune the erect attitude, when we 
advert to the mode in which the head is placed 
on the spinal colnmu. The enormous develope* 
ineiit of the brain, iiud of the bones which invest 
it, increases so considerably tlie weight of that 
part of the head, which is situaUxl behind its 
articulatiou witli the vertebra; of tlie neck, that 
Uie balance t)f the whole is much nmre equal 
tlian it is in tlie monkey, where the weight of 
the lore part very greatly preiHUiderates. The 
muscles wluch bend the head biick upon the 
neck, and retain it in its natural position, ure 
Uierefore not reipiired to be so powerful ns Uiey 
must be in quadrupeds, especially in those which 
graze, and in which the mouth and eyes must 
frequently be directed downwards, for ihp puiv 
{)oso of procuring food. In man this attitude 
would, if continued, be eottremely £atigaing, from ; 
tlic weakness of those muscles, and< the absence 
of tliat strong ligameat which.iushna^ theeweighf 
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of heftd irt the ordinar}- Jiorizontal nttitiule of 
qvMinipedo. 

n Prona^tto cun apectant aniniaiia carteni tcrrora. 

Os bomiiu sublime dcilit, ru'luniquc tucri 
Jufwit, et crectos ad sidt'ni tollore vultiis.“---Ov u>. 

The* spnEc oomjiTchrndcd hv the two feet is 
extremely narrow, when eompared with tlie ex- 
tended haw on >vhieh tlie <|nadrnped is snp- 
poTtfd. H«'nee the stability of the body must 
he eonwderably less. The statue of an elephant 
plaeed upon a level surfaee, w ould stand without 
<lanffer of oversettintf : but the statue of a man 
resting on the feet, in the usual attitude of 
«tnn<lintr. wotdil Iw thrown down by a very small 
intpnlse. It is evidi-nt, i!ide<*d, that in the livinj; 
ho<ly, if the eentrc' of tfravity were' at any mo- 
ment to pas.s beyoiul the bas<>, tio museutar 
effort whieh rouhl then be iua<le wotdd avail to 
prevent the Ixxly from fallinu. Tbit the aefions 
of the mus< h-s arc- eontinually exerted to prevent 
the yieldinif of the joints iimler the W'ei((htof the 
Ijbdy, which tends to bend them. Tn qttadrnpeds 
lesn exertion i.s requisite for that purpose ; hnd 
stttndiiifi' is in them, as we have seen, a pistnre 
of comfMtrative oppose t in man It rr qtrires nearly 
aft great an expendittire of museular power as 
the tick of waHting Soldiers on parade expe- 
riiBtice more fatigue by remaining in the attitude 
offttending.than they would by marching during 
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an equal time. Strictly apeakif^, incleed, it ik 
im|x)«iuble for even the stnmgest man to renukin 
on Ilia lefts, in precisely the same position, for 
any considerable length of time. The muscles in 
action soon become fatigued, aiul require to be 
relievfHl by varying the points of support, so as to 
bring other muscles into play. Hence the weight 
of the body is transferred alternately from one foot 
to the other. The action of standing consists in 
fact, of u series of small and imperoeptibW mo- 
tions, by wliich the centre of gravity is |>erf>e- 
tuully shifted from one jMirt of the base to ano- 
ther ; the tendency to fall to any one side being 
(juickly coimteractiKl by an iiiseusibli' movement 
in a contrury dirt'Ction. Long habit lias rendered 
us uncouscious of these exertions, which we are, 
nevertheless, I'outinually making ; but a child 
learning to walk finds it ditiicuU to accuiuplisli 
them successfully. It is one among those tirts 
which he has to acquire, nud whicii costs him in 
tlie apprenticeship many painful efforts, and 
many discouraging fulls. But w lienever nature 
is the teacher, tlie scholar makes rapid progress 
in Icaniing ; mid no sooner have Uie muscles 
acquired the iiect'ssary strengtli, than the child 
becomes an mlept in Indaucing its body in various 
attitudes, and iu a very short time is uncon- 
scious tiiat these actions require exertion. i 
In walking, tine first effort that is made oonsisfis 
ill tTiuiafomuK tJie w hole weigfit of the body 
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apon wi^ foot, with r viom’ to ttx it oif th<? iproiiitt) ; 
rimI tiien thp othor loot, being n! Iil>erty, w 
bfouttht IVnwnrrfti. By thi» notion the eonth' <?t* 
ffrarity i* mudo to ndvniK'e, till it pn«*es beyoiKl 
the biiM' of the loot : in thi«» liittmtion tin- brxly. 
Iteinff »n<inp|>orte<l. fiilh through r errtnin f«pRe«*, 
and would continue its d<w<eiit. were it m»t that 
it 1*4 Pi'ceived <m the <rther fool, which, by thin 
time, baa l>een tM*f u|Mm the gro\n»d. Thin fnlting 
of the liody wouhl, if not iininedintely checked. 
Itoootne very Mt'uaible; n« lii>p|N‘nH wheui, on 
irulking inattentively, the fcHrt we had advaneerl 
comcH down to a lower h'vel than we were |m*- 
ptirod for; in which caw the ImrIv. having ac- 
quired R certain velo«*ity by itn grcafep di'weenf. 
recKUvtH a xnihlen HiuK-k when that vehwity if* 
cliecked, and thua a dwagrr’eable jar ia given to 
the whole frame. 

While the weight of the Iwaly ia fhna trana- 
ferred alternately from one foot to the oilier, fhe 
centre of gravity- not only riw»>* and fallft, so as 
to disM'rilK* at every st«'p a small ar»‘h, but r1«o 
vibrates from side to aide, so that the series of 
curves it deserilies are someu hat coinplicnted in 
tlioir form'. This undtilation of the liody from 
one foot to the other would sea reel y ever lie jier- 
formed with perfect e<|nnlity on both sides, if we 
trusted wlioliy to the sensations eoinnninieuted 
by the muscles, and if we were not guided by 
the sense of sight, or »*ome otlier substitnte. Thus 
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a person blindfolded cannot walk far in a straight 
line ; for, even on a level plane, he will incline 
unconsciously either to the right or to the left. 

In all quadrupeds, and even also in the quad- 
rumana, the fore extremities more or less contri- 
bute to the support and progression of the body : 
it is only in man that they are wholly exempted 
from these offices, and are at liberty to be applied 
to other purposes, and employed as instniments 
of prehension and of touch. In the power of 
executing an infinite variety of movements and 
of actions, re<iuiring either strength, delicacy, or 
precision, the human arm and hand, considered 
in their mechanism alone, arc structures of un- 
rivalled excellence ; and, when viewed in rela- 
tion to the intellectual energies. to which they 
are subservient, plainly reveal to us the divine 
sourc(‘, from which have emanated this exquiwte 
workmanship, and these admimble adjustments, 
so fitted to excite in our breasts the deepest 
veneration, and to fill us with never ceasing 
wonder. 

To specify all the details of express contrivance 
in the mechanical conformation of the hand 
would alone fill a separate treatise : but 1 mast 
refrain from pursuing tliis interesting subject, 
as, fortunately, the Utsk has devolved upon one 
far more able than myself to do it justice. 
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( HAinrk X. 

vrin KRKAr\ c vparm ok tkyivi;. 

I. t ertfhratfi u Fmthers, formed for fltfinsr, 

Frw j>rc)hli*niH in morhnnic art pn^rnt irr<*jurr 
f>ra< ticai (litlu'ulth *4 tiian that of nusiiMj: from 
the irrouml, and of sU'^tuiniiiLr and ino\ uiur ni]»!<llv" 
thn>tmh tin air an aininal hodv, f (nn|>(K<Hl it 
nuj*^t he ot in:in\ pouderoii'- oriran**, tliai an* re- 
I’or the |M*rf«innanee ot‘ the hiirlier fnne 
lionh ot ILie ; y*( .Nature han ar hu*ved all ihi'*. 
not only in endh trdw -4 ni tin* inon* <iiniinutive 
inverttd)mt(* animals, hut also in tlie iuok’ solid 
and miiiiHive oruaiir/atioim v^liii h are nioflelled 
on the \ ert4»hrale type. These oh)eefH liavf* hern 
acroniplislu'fh m all rani-s, without flu* f*m[>toy- 
inent of an\ olln i than fhe ordiiiarv < lenuuits of 
ihotie onnini7.ations : iiio4hli<sh indei'd, to suit 
this parli(!ulur purfKim in view , hut vM (essentially 
the smne. and retridated hy the same laws of 
(ievelofiement whic h jin*vail tlironcjjhont the w hole 
animat ftyfttein. The adaptation cT these c le- 
inents to the consinirtion of an ajipnratns of so 
refined a nature as that whnli nspMrc *! for 
rtyintr. implies the dee pest fore-hii^hl, the* most 
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extensive plan, and the most artificial combina- 
tion of means. The foundations for these pecu- 
liar forms of mechanism are laid in the primeval 
constitution of the embryo; and a long and curious 
series of preparatory changes must take place 
before the completion of the finished structures. 
Of this we have already had a remarkable ex- 
ample in the metamorphoses of insects, which 
exiiihit, in their last statre of develoj)enieut, the 
highest degret! of perfection compatible with the 
articulate lyf)e. Hirds, in like manner, present 
us M'ith the highest refinement of mechanical 
conformation which can be attained by the de- 
velopement of a vertebrated structure. 

The power of Hying is derived altogether from 
tlie resistance which the air opposes to bodies 
moving through it, or acting iij)on it by mecha- 
nical impulse. In the ordinary movements of 
our own bodi(“s, this re.sistanee is scarcely sen- 
sible, and hardly ever attracts notice: but it 
increases in projwrtion to the surface which acts 
UjX)n the air, and still more according to the 
velocity of the moving Inxly ; for the increase is 
not merely in the sinifde ratio of the velocity, 
but ns its square, or perhaps even a higher 
power. In onler that an animal may be able 
to fly, therefore, two principal conditions are 
re<]uired : Uiert^ must, first, be a considerable 
extent of surface in the wings, or instruments 
which act npon the air; luid there must, se- 
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condly, Iw sntrK'ioiit iuus<‘iilar |H)wt'r to nivK 
these instruments a vtTV irreat vehnaty. Ikitli 
these advatifaaes are found eoinhined in tin- an- 
terior <‘Xtreniities of hints, and no animals Im - 
lonirun; to any other elas> |Nissess tla in in thi' 
same jaTfertam. \o «jna(lrn|a'd. except tin* hat. 
has suHicient muscular power in its linil)s, how- 
ever aided l)y an l•vpansion of surface, to strike 
tlje air witli tlie force rtsjuisile lor fliLclit. No 
retineineiit «tf meelianic ingenuity lias ever 
placed tin- Da-dalian art of llynu; within the 
rt'ach of human power; lor even it the litihlisit 
IMHsihle witejs could he S4> artilicially adapfisl to 
the IxmIv a-* to reci-ive the full lorce ol the a<’- 
tions of the lindis, howe\er these actions iniuhl 
Ih- eonihuu'd. the\ would fall v* ry far short of 
the exertion ms’eSKiry for rai'iiie.' the hotly Ironi 
the uTound. 

Kxamples, however, tict iir in every «»ne ot 
the elas.s<-s of \t riehnitetl animals, w.'here an 
approach is made to this faculty. In the ii.ro- 
rntns, or llyiiu'-lish, the pe< ttiral tins havt heen 
enormously <-xpandetl, evidiuitly for the piirjiose 
of enahlinu the animal to leap onl of the water, 
and supiMirt itself for a short interval in tin; air: 
but its utmost tdforts are inatleipiate to sustain 
it bevotul a few moments in that elemiait, and 
it can never rise to uion; thiui live or six lixjt 
almve the surface of the water. 

A species of li/anl. culleil the Jhnra yoiitMt, 
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a singularly constructed apparatus, which 
appears like two wings, affixed to the sides of 
the back, and quite independent of either the 
fore or the hind extremities. By tlie aid of 
these moveable flaps, the animal is able to de- 
scend from the tops of trees, or flutter lightly 
from branch to liranch : but this is the utmost 
that it can accoiuj)lish by means of these imper- 
fect organs. The construction of these anoma- 
lous members is highly curious in a physiolo- 
gical |H)iut of view ; as showing how Nature, in 
eflecting a new purpose, is inclined to resort to 
the modification of structures already ej^tablished 
as constituent parts of the frame, in prefertmce 
to creating new organs, or such as have no pro- 
totyjK' in the model (tf its formation. Frequent 
proofs of this law, indetnl, are afforded by the 
comparativi' examination of the anatomy of the 
organs of progressive motion. The ribs, in par- 
ticular, are often the subject of thest^ conversions 
to uses very different from their ordinary’ func- 
tion, which is that of assisting in respiration. 
Thus we have seen that in the Tortoise they are 
expiuuled to form the carapace, miiting with 
corres{)onding dilatations of the sternum, and 
steruo-i'ostal appendages, in composing a ge- 
neral osseous encasement to the body. In Ser- 
pents. again, the ribs are employed as organs of 
progressive motion ; performing the functions of 
legs, and having affixed to their extremities the 
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abdominal scuta, by way of feet. The cervical 
ribs of the Cobrn de Capello. or hooiicd snake of 
the East Indies, are employed for the mecha- 
nical purposi* of supportim; an expansion of the 
skin of the neck, which forms a kind of hood, 
capable of hcin" raistxl or (h'pressed at the plea- 
sure of the animal.* These ribs an* <‘utirelv 
unconnectcxl with the respinition of the s<'r|H‘nt. 

In the Draco volans. which was to 1 m' fur- 
nished with instruments for assistinij it in its 
distant leaps thronuh the air, it is ai^ain the ribs 
which arc resorted to for fnrnisbini; the basis of 
such an apparatus. On rach siile of the dorsal 
vertebra’, as i> seen in the sk(‘leton of this animal 
'l it;. the eij'ht post<‘rior ril>s on each si(b*, 

instead ot havintr tin’ nsual <’nrvatnr«' inwanls, 
and instead of In intx <'ontinued round to cm ircle 
the ImmIv, are extended outwards ancl < lonirate<l, 
and are covere<I w ith ,a thin cuticle, derived from 
the common inteirnments. The ordinary mn.seles 
which move the ribs still remain, but with 
CTCsitly increas<’d jM)wer, ainl serve to flap these; 
stmnirely formed wiims at the pb-asun’ of the 
animal, durins its short aerial excursions. 

Amon" the mammalia we me et with a few 
species, which have a broad membrane, formed 
of a diiplicature of the- skin, extended like a 
cloak from the fore to the hind extremities, and 
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cnnbling; the animal to flutter in the air, and 
to break its fall durinp: its descent firom the 



branches of trees. Stnirtures of tl>is kind are 
|>oasesse<l by the Srhinis rolans, or flyinp squir- 
rel, and also by some other species of the same 
trenns. They are seen on a still lartrer scale in the 
Lntttir roians, or Gnleopit herns. The resistance 
which these broad expansions of skin oppose to 
the air, when the limbs are spread ont, enables 
the animal to descend in perfect safety’ through 
that medium from very* considerable heights: 
but these appendages to the body are mere para- 
chutes. not wines, and none of the animals which 
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poMOBS them can, by their meam, and with the 
utmoat efforts which their muscles are capable 
of exerting, ever rise from the ground, or even 
suspend tberaselves for a moment in the air. 

The only quadruptMl that cim pro|K?rly he said 
to be endowtd with the |)ower of tlying is Uie 
Hat. In this animal the jwrtions of the ske- 
leton (f, Fig. 22.3) which corresjwnd to the pha- 



langes of the fingers are extended to an enor- 
mous length, and the {Mxrtorul niu.Hch‘S. which 
move Ujc anterior extreinitics, are of extraordi- 
nary size and |)ower. In the larger species, 
each wing is at least two feet in lengtli. The 
fine membrane, which is spread Ixrtween tliese 
lengthened fingers, has its origin in the sides of 
the neck, and reaches all along the body to the 
extremities of the hinder legs, which it encloses 
in its folds. Thus, not only is the surface, by 
which it acts upon the air, sufficiently extensive, 
but the muscular power, by which its motions 
axe effected, is adequate to give it those quick 
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8»d «nddea ippofeos which are requisite &» 
dying : .aB4 thus, although its structure is to- 
tally different from that of birds, it yet performs 
fully the office of a real wing. The bat flies 
with perfect ease, even while carrying along 
with it one or two of its young: it is not, 
however, fitted for very long flights. 

The conformation of the skeleton is adapted to 
this new and important function. The chest is 
broad and capacious to admit of free respiration 
while the animal is flying, and to afford ample 
space for the attachment of the large muscles 
which have Inrome necessary. The scapulae 
(s) are large, and of (i singular form, and they 
are kept at a considerable distance asunder by 
the expaiKhd chest : their conieoid processes 
sne also large, and extend in the direction of the 
sternum. Tlie clavicles ) are of enormous size 
juul length, being larger than either the scapula 
or the sternum, and remarkably curved in their 
shaiM-. Tin* sternum is much develo[>ed, ex- 
tending laterally, ami having a projecting crest 
;dung tilt; middle of its lower surface. The hu- 
mt'rus i^ii) is strong, but short; apparently in 
order to avoid tlie datiger of its being snapped 
asunder by tlie violent actions of tlie {)ectoral 
muscles, had it been longer. As tlie leading 
object of the structure is to give power to the 
wing, tliere was no necessity for the rotatmy 
motion of the bones of the fore-arm; and ac- 
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cendinglywe find th«m consolidated into one (b); 
or rather no part of the ulna is developed, except 
the process of the olecranon, or elbow, which has 
become soldered to the radius. 

These adxTintages in the construction of tlie 
fore extremities are obtaine<l at the exjw'nse of 
tlie hinder, which are too ftTble to snp(M>rt the 
weight of the IkkIv in the upright |H>sition 
required for walking, in eonwMjnence of the 
centre of gravity being hetwmi the wings. On 
a level plane, iii(h*ed, tin- bat can advance 
only by a kin<l of crawling (»r hopping in(»tion. 
The whole anterior half of the trunk is much 
more fully (IcvoIoikhI than lh«‘ |MKt«'rior hall, 
which appears as if it had l>ccti chc<-ked in its 
growtli. The |M-lvis lej is of diminutive si/e, 
coinpar<‘d with the rest of the >kclclon : the 
pubic Ikuics ar<‘ Icimthciu'd ba« kwards. and are 
joinetl merely at a small jwiiiif. 1 he wh<*l«f 
posterior limb is short, the femur (i) compa- 
ratively long, ami the fibula is a very slender 
bone, vet quiU* distim t from the tibia (r). 
The slight degree of motion which is thus al- 
low’ed between them is us<*ful t(» the animal, 
in enabling the feet to lay hold of cornices 
or other projecting parts of the- nwfs of Imild- 
ings, on which the animal fa.stc’iis itsc^lf, and 
hangs witli the head downwards. It is pro- 
baUy with the intention of fac ilitating this ac- 
tion that the toes are turned completely back- 
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wards; and that they are of a curved shape, and 
generally armed with sharp claws. A bony ap- 
pendix (a) projects outwards from the heel, ibr 
the purpose of supporting the hinder prolonga- 
tion of the membrane, which often extends be- 
tween the hind feet, and is further sustained by 
tlie tail, in those species which have the spine 
prolonged to form one. 

Buts are also provided with another instru- 
ment for susf>etidin(; thcinselvcs to projecting 
objects, forine<l by the thumb (b), which is, ap- 
parently for tliis express purpose, detached from 
the lingers tliat support the wing, and is termi- 
nated by a strong claw, which projects, even 
wiieu the wings are foidtd, and is useful in 
progression, serving us a jK>int of support. 


§ 2. Jiinis. 

It is in Birds alone that we tind tlie most perfect 
adaptation of structure to the purposes of rapid 
and extensive dight: in them the frame of the 
skeleton, the figure, position, and structure of 
the wings, the size of the muscles, tlie pecu- 
liar nature of their irritabihty, and even the 
outward form of the body have all a direct and 
beautihil relation to the properties of the element 
in which Nature has intended them to move. 
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In their fonnatimt a new, and in aa far as relates 
to Uie OTgana of pro^i^ssiTe motion, a more de- 
▼eloped type is adopted ; still preserviiiff a con- 
formity with the {feneral plan of the ▼ertebral 
organization, and with the general laws of its 
developenaent. 

The skeleton of birds has the same ronstitnent 
parts as that of other v«Ttebmted classes: the 
bones of the anterior extremity, thouph destined 
exch«^ively to support the wing, retain the same 
divisions, and an* com|)ose<l of th«* usual ele- 
ments : and the general form of the l)ody is that 
lK?st ralculnt«l to glide through the air with tin: 
least resistance. As binls swalloa llw'ir fiKid 
entire, there is no nrrt*ssity for any part ol the 
bulky apparatus of hani and solid teeth, largo 
muscit's and heavy jaM’s which are rispiintl by 
most <]na<lni|Mtls : hence the head admits ol 
being greatly rediice<l in its diinensions; and 
the form of tin- lieak, which is drawn to a {mint, 
and cuts the op|Mising air, tends to facilitate the 
progress of the bird in its flight. 

In the conformation of the borjy, alwi, every 
cirnimstanre that could contribute to give it 
lightness ha.s laen sedulously studied. The 
general size of binls is considerably smaller 
than quadrupeds of corres|K)nding habits. No 
where has Nature attcmptc'd to endow a huge 
ponderous animal, like the fabiwl Pegasus, 
with the |»ower of flight, finait condensation 
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has been given to the osseous substance,* 
in order that the greatest degree of strength 
might lie procured with the same weight of solid 
materials ; and the mechanical advantage derived 
from their being disposed in the circumference 
rather than in ctattral masses, has been obtained 
to the utmost extent. The horny material, of 
which the stems of the feathers are constructed, 
are, in like manner, formed into hollow cylin- 
ders, which, compared with their weight, are 
exr<-etlingly strong. A similar shape has been 
given to the cylindrical Ixmes, which are ftishioned 
into tubes with dense but thin sidt^s: most of the 
otln-r Ikuics have lik<‘wise been made hollow, and 
insti'ud of their caviti«'s Ix'ing tilled with marrow, 
they contain only air. 1 Thus the whole skeleton 
is remlered remarkably light ; that of the Peli- 
canus onocrotalxs, for instance, or white Pelican, 
widt h is live feet in length, was found by the 
Parisian Academicians to weigh only twenty- 
tlirt'e ounces, while the entire bird weighed 
nearly twenty-five |H>unds. The cavities in the 
boat's communicate with large air cells, which 
are distributed in various jmrts of the body, and 

• Oiwitkation nol only proccetis more mpidiy, but is also 
carrieii to a i^rcaUT extent in this class of animals than in any 
other; as a proof of which, the tendons, especially those of the 
muscles of the legs, are frequently oasiHcd. 

t In the bat tliere is no provisioo of this kmd for lightening; 
the lx)nes, and wc 6nd them containing marrow, as in other 
mammaitu, and nut air. 
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which contribute still further to diminish its 
specific gravity : and by means of canals which 
open into the air passages of the lungs, this air 
finds a ready outlet when it Iktohics raretietl by 
tlie ascent of the bin! into the higher n-ifions of 
the atmosphere.* 

The conditions in which a bin! is plac<'d with 
regard to the d»‘nsity <)!' the siirroiinciitiLr hh*- 
diuni, as well as their ino<h' ot procn-ssion, are 
so opposite to those of li^h^‘s, that we should 
expect to tinil irreat corn-spondini; dilferences in 
tlieir conformation. These two elasws of vertc- 
bruta, accordinuly, are remarkably eonirasled 

* Tlti.*i atr, (unl.tntttl in llu initiiMr of tl»r IumIn, vtlticlt 
pr<‘StTVt's a s<r\ (Itt.tl* 1 tfinpfr.itnrf, tnti'it In- t’Mnsi.tiii jy m u 
statt* of ijrt Mlt’r rurrraf’tttm th.in tin* t’tK»|f‘r fxlttnal .nr; :i ton 
dition wlurh must nmtril»uit' in lo rnnilrr tlm 

wholf both liable r th.iti it ((IIhtwim- bavt’ U ap- 

pears to me, li'iwt Nt r, that eoiisult rably ^n alrr miptrt.iiKf Ioib 
l>ecn atiarln (1 to this < irrtuiiHtanrt^ than it n iillv 
Many have ppone w* far as to reprettent the roiifiitiori of a birrl a* 
approachiiiic that (»t a l>alUx»ti hlietj witli u hi^liter thiiti 
atmospheric air: ami have laviali in their expicauntUB ol 

admiration at the K autv of tlie < onlnv ant'e v%ln< i» ihu'» mn- 
▼ertixl a livinj;^ struetnre into an m n»siatir rnnehitie. A little 
•olier rontidiTalion will suffice to show that the amount of the 
fiup|K)H4xi udvanlaire* r» sullinj' to tin birtl from the diminniion 
of wei^^hl, fK < asKified hy lht‘ differeiiM^ of lemjteratiirr lictwecri 
the air incluflcrl in iu Ixxiy and the external atrrnmphere, is |>ef- 
feclly insurniheant. Any one who will take the trouhie to calcu- 
late the real diminutiou of wc»i;ht an»m^ from thii cauif% under 
the moat favourable circuruaunccx, will find that, even in the case 
of the largest bird, it can never amount lo more than a few 
graina. 
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with respect to the structure of their skeletcms. 
In fishes we have seen that the chest and all the 
viscera are carried as far forwards as possible ; 
the respiratory organs and the centre of circida- 
tion lieing close to the head, the neck having 
disappeared, and the trunk being continued into 
the lengthened tail, in which the chief bulk of 
the muscles are situated. In birds, on the con- 
trary, the ribs, and the viscera which they pro- 
tect, are placed as far back along the spinal 
column as {>ossiblc ; and a long and flexible neck 
extends from tlie trunk to the head, which is 
thus carried considerably forwards. These cir- 
cumstances are very apparent in the skeleton of 
the swan, represented in Fig. 224. In the fish, 
progressive motion is efl’ected principally by the 
movements of the tail, which imjiels the body 
alternately from side to side : in the bird, the 
only instruments of motion are the wings, which 
are aflixtHl to the fore part of tlie trunk, and are 
moved by muscles situated in that region. In 
the fish, the spine is flexible nearly throughout 
its whole extent; in the bird, it is rigid and im- 
moveable in the trunk, and is capable of exten- 
sive motion only in the neck. 

In order that the body may be exactly ba- 
lanced while tlie bird is flying, its centre of 
gravity must be brought precbely under the line 
connecting the articulations of the wings with 
the trunk, for it is at these points that the re- 
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sutance of the air causes it to be supported by 
the wings. When the bird is resting upon its 
legs, the centre of gravity must, in like luauuer, 



be brought immediately over tlie baw; of Hupjx>rt 
formed by the toes : it Ijecomes ncceiMMtry. there- 
fore, to provide means for shifting tin; (x-ntre of 
gravity from one place to another, according to 
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eireunstanees, and to adjust its <positiaa wfA 
oonsideraMe nicety ; otliM^nse there ttfotild bife 
danger of the equilibnnm being destroyed, hnd 
the body oversetting. The principal means of 
effecting these adjustments consist in the too* 
tions of the head and neck, >vhich last is, ibr 
that purpose, rendered exceedingly lohg and 
flexible. The number of cervical vertebra is 
generally very considerable ; in the mammalU’, 
as we have seen, there are always seven, bnt in 
many birds there are more than twice that num* 
ber. In the swan (I'ig. 224), there are twenty- 
three, and they are joined together by articii* 
lations, generally allowing free motion in all di- 
rections; that is, laterally, as well as forwards 
and backwards. This unusual degree of mobi- 
lity is c'unferred by a ])eculiar mechanism, 
which is not met with in the other classes of 
verUdirated animals. A cartilage is inferpOseii 
between each of the vertebne, to the surfaces of 
which these curtilages are curiously adapted, 
being euciosetl between folds of the membrane 
lining the joint : so that each joint is in reality 
double, exmsisting of two cavities, with an inter- 
vuung cartilage.* 

It is to be observed, however, that in conse- 
quence of tlie positions of the oblique processes; 


• See Mr. H. Earle's paper on this subject in the Pbiloto- 
phicai Transactions for 1823^ p. 277. 
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ltelf W| >p w .waitdbwa tat tlte<n6ck bend widb mom 
dKili^ Ibmnrds thnn backwards ; while thaae 
in, the iow^ half of the neck bend more readily 
backwards: hence, in a state of repose, the 
neck naturally assumes a double cunrature, Idle 
that of the letter S, as is well seen in the irracefol 
fenn of the swan’s neck. By extending the 
neck in a straight line, the bird can, while 
fl3dng, carry forwards the centre of gravity, ao 
as to bring it under the wings ; and when resting 
on its feet, or floating on the water, it can trans- 
fer that centre backwards, so as to bring it to- 
wards the middle of the body, by inerdy 
bending back the neck into tlie curved form 
which has just been descrilKHl ; and thus the 
equilibrium is, under all circumstances, pre- 
ssed by movements remarkable for their 
elegance and grace.* 

Another advantage arising from the length 
and molnlity of the neck w, that it facilitatfw the 
aiqdication of the head to every part of tlie lar- 
£ace of the body. Birds require this power in 
Older that they may be enabled to adjust their 
plumage, whenever it has by any accident be* 
come rafl9ed. In aquatic birds, it is necewuwy 

gmA acMity of tb« nock cimUm the binl to 
iWhesib«4n oigM of pnheiaua fw tektef ite fcod : «■ I 
wbicli mu the more o tcetetr y, in coneeqMoee of the eonetnioo 
of t^ fore extremitiei into rnnge, of which the MriM^re k in- 
ei^^odbii' VTth eny ptebenkle power, eiich u » oAeo p bheiiad 
hjr the anterior cxtranhy of t (|tfSdni|iie4. ' ‘ ‘ 

VOI.. I. O o 
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tiust every feaUKr ritould be oonetaa^ anointodi 
with an eily setretion, which pieaervea firoia 
being wetted, and which is copkmriy provided for 
that pwpose by glands situated near the tad. 
The flexibility of the neck alone would have 
been insufficient for enabling the bird to bring 
its bill in contact with every feather, in order to 
distribute this fluid equally over them ; and 
there is, accordingly, a farther provision made for 
the accomplisliment of this object in the mode 
of artfoulation of the head with the neck. We 
have seen that, in fishes, and in most reptiles, 
this articulation consists of a ball and socket 
jmnt ; a rounded tubercle of the occipital bone 
being received into a hemispherical dqpressien 
in the first vertebra of the neck. In the mam- 
malia the plan is changed, and there are two 
articular surfaces, one on each side of the npinal 
oanal, farmed on processes coiresponding to the 
leaves of Uie first cranial vertebra, «n4 aasuni- 
lating it more to a hinge joint. In bo^ iKtw- 
ever, where, as we have just semi, (tie moat 'ex- 
tensive lateral motimu are requiiad, the plan 
ctf the ball and socket joint is again msorted to ; 
and the occipital bone is made to tom upon the 
alilas by a nugle pivot. So great is the Irrodom 
a{ motion in this joint, that the bind cnnleadily 
turn its head oorapletriy back upon its neck, on 
4ntliersida •; 

As q>inooB or transTcsne process^ %ny 
length would Kave interfered with the^fliOMliis 
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lof tlw iiedc« «e find Karoaly a trace of thew 
fMecessea in the cenrioel vettebm of binli. Bet 
BBOther^ and a still more important consideratmo 
eras to be intended to in the coiistraction of 
this part of the spine. It must be reoolleeted 
timt the spinal marrow passes down alonir the 
canal formed by the arches of the vetiebne, 
aiMl that any pressure applieil to its tender 
isabstance would instantly paralyse the whole 
body, and speedily put an end to life. Some 
mttraordinnry fMorision ww therefore required 
to be made, tii order to larunrd ntminst the 
possibility of this iierident occurring during the 
many riolent contortions into which the culanui 
is liable to be thrown. This is iiccom {dished in 
the simplest and most <>fl^tusJ manner by en- 
larging the diameter of the eaiial nt the upper 
and lower part of each vertebra, while at the 



middle it remains of the 
usual size, so that the 
shape of tiie cavity, as 
is wdl seen in Fig. 
which allows a vertical 
section of one of the 
cervical vrrtebnn of dm 
ostrich, resembles Bmt 
of mi boor glass.* Thus 
a wide space b left at 


the junction of each successive vertebra, aUowing 


f'st die epedmes ttom which thii engraviaf WM a4de, I 

.mi iSMud III be st Mr. <>w«w. 


^§§ 4 , THE MECHAICIEAC* FUNCTIONS. 

of T a > y '' jeoB f 8id i&at>fe #ctxioBt 
diiei of 4lie loanal .boycndfilth^iitfttilll 

tHrf gqm w porton, add Uierefcnre>^sithoiWt 
snonj^rdaaioa tof.<|diOispioai matrOsfx^ 
fctodfjtlBt veitebrss oni^ io Abtis iOHnRdF;PH^ 
be bent backwards to a right an^iaed.^tEivdl^ 
IdisMf o fight ajogle, wkhoHt injofypl^thR'jjen- 
ri a ood nervooa substaooe. The di^ignij^i^lia 
rtBuetufe ia further evident frcan itE»ni9t 
liii'the‘*doraol and lumbar portiooa^pCrthf 
fidiioh adodt of no mocioa whateveif^ affd-twll^ 
there is no variation in the diameter of the ApHw) 
•enal. tdj .>t 

) A plan entirely different is iplIpF^ed in>^^ 
(veiilebne of the back and loins. For the purpose 
of ensuring the proper actitms of the wings, the 
great object here is to prevent motion, and to 
(give all possible strength and secmrity \ and ac- 
cordingly the whole of this portion of the ppipo, 
lognther wiUi the sacrum, is consolidated into 
one piece. .All the processes are laigely 4ava- 
,\$fisd. and, pass ohli^uf^ from one vertehra, to 
Umtaeati mutually locking them .tag^ilheyr : apf). 
«iii order .most ,e^ttiaUy to piedn^e the, PCPPP* 
ihi^vc^ .Mty fleEisd. the Epinmis 
MMQtinM esftxk UialKMliM.Qf the idionaL wctttlittB 
Ene wwiofenhly 00^49^ togetlw^ 1)]^ 
rAei;.mKf« to form one i^ittinkous , u> itm 

*ffAgw»Mibwfew 9f 
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MtpaUe of tweaku^ a mao’s leg;<<iai^.a.rsimiior 
blov firmo- an ea^e has beeo koowa -to <h^ 
iwtBiktly The bat is the oiAy .nKtaONSCi 

aoHiQg the mammaiia, where the Blernmn>p>^ 
aente this peculiar canmaUds Or kedi>'liko fshape 
and the purpose is evidently the sanoe as io the 
hinL* 

The scapula is genecaUy a small and slender 
bone. The coracoid bone (k) is largely dere^ 
loped, and assumes much of the appearance of a 
(davk:le.t But the real clavicles (c) are uidied 
below, where they join the fore part of the 
stomum, appearing as one bone, which, from ito 
forked shape, has been denominated the Jtoxmiar 
hear. In the fowl it is commonly known by the 
name of the merty-tbomgki. This bone, placed 
at the origin of the wings, and stretching firom 
the one to the oilier, is of great importance as 
constituting a firm basis for their suf^port, and 
for securing their steadiness of action ; and bong, 
at tlie same time, very elattic, it tends to restore 
them to their proper situations, after they hav^ 
been disturbed by any violent impidse- 

* Notwithaswims the great aiadificatioo Um alaniwi Ins 
received ia the bird, when computed with iu form in the UxUnm 
and the quadruped, we me; etill trace the ume nine etemeiiii 
entering into in comporitam. tlioagh developed iw iwr; dHfe i aH, 
preporUone. 

f Men; have considered due boiie as being the davick^ SSfd 
have regarded thq futcular bone at a new bone, or luppleaBen* 
ti4 ckvicle : hot mkdte SnalogUe elf poSiiioo and oT d h vdhph- ' ' 
hMutoiain kvowoflhcvkwt'antad in tbaSest.-* 



‘ wiMorntiiDs. 

"’fhe winf of a bird does not, at first vieir, 
pffesesit much analogy whh the fore extremity of 
a 'quadruped : but on a closer examination yrt 
find it to contain all the principal bones of the 
latter, thcmgb somewhat altered in shape, and 
still more changed in their functions. Yet still 
the same unity of plan, and perfect harmony of 
exeentron may be discerned in the mechanism of 
this refined instrument of a higher mode of pro- 
gression. 

head of the humerus (ii) has n compressed 
form ; and in order to obtain great extent of 
motion, it is made to play by a very small 
cylindrical surface upon the maptiln ; thus ad- 
mitting of the complete descent of the wing, 
unobstructed by any opjiosing process, but at 
the same time limiting its motion to one plane. 
It is connected below, by broad attachments, to 
the radius and ulna, forming with them a hinge 
jmnt. These latter bones are separate, and of 
great length, but so firmly united together by 
lament as scarcely to have any motion rni one 
another. The carpus (w), consists of two bones 
rnily, the one articulated with the radius, the 
Other with the ulna. They move together as one 
|Hece; but, contrary to what takes place in 
quadrupeds, the movements are made from side 
to nde, instead of their consisting of flexion and 
extension ; this variation from the usual struc- 
ture b«mg for the purpose of foldtiq; down the 
joints of the wing, and bringing them close to 
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^'Tlie ittet«fea^par(n> em ma t m’in if fi 
iiiMf of ■ which ■ <ooi»« 1i»H w iK vaifesd 

Into 6lSe m the tip^ttrpflrt;* Oanto^raiM^aMh 
tt'htt ft proceM, pftrtu^ Aoii •« tiiii4 

uetacarpftl bonfe, which w andbyloM^vt vftttt 
ftariier perked df eseificfttion ; ftmlt^tlm proons 
ft (Itiiall pointed bone n connected, oorreepondiag 
tn ft rndimeotflil Aumb (f). oftO' 

Adiy twd "fingen, of which tiie>Argt «lhitiiti 
of haring been originally two hones t tha 
fhher finger consists of two or threft*lon g ^ | ih ft « 
fatiges, and the outer one of a single phduax: 
(here is sometimes also a nidimeiital bone oor» 
(eOpOnding to a little finger. The degree «f 
derelopeinent of these bones Tftries in different 
tribes of birds. 

Feathers are attached to all these divisioni of 
the limb, nanmly, to the humerus, the fere arwH 
the band, and OccaMonaliy to the single pbalaak 
Of the thumb. The stroctare of fieatheia is 
calculoted in an eminent degree to oombine dm 
t^alitfes of lightness and of strength,* which' we 
ysewhere rai^ly find nnited. The homy mate» 
^hls Of 'hhicli «the stenlii of the quibis madease 
‘tfihoif,' fthd iOlastie*t >aadjiias*ww hare 
SliOdi' fith^dinptdhd>4ri the-iiiQBl adsnli- 
U ijli mi ffearanthyihiuif 

eyffndee^ Bot lhe eane^ef 
htotiO’dttitfeiaUyosii^^ ' 
%yi^* iflifi| fes toiOFtP»«l nhiir dusndpjmr 



i|ineilif^«o>ai!mii98^ opfoee a.jbiiq|i 

iBBiler moMlitice toi A force sUrtking perp«|k9 
4hieltei|r» egiMMl » thew suc&ce, than to, one 
Irhihh » directed lat«*aUy ; that is, in the {ilane 
tf r4he tatem. They derive Uiis power of re- 
W B tancc from th«r flatt^ed shape, which allows 
them to hend less easily in the direction of their 
flattsudhces thitn in any oUier; in the same 
aaay that a dap card cannot easily be bent* by 
arlfoeee acting in its own plane, though it 
eaaily.yidids to one at right angles to iL I'iow 
it/ is exactly in the direction in which they do 
net hood that the filaments of the featlier have 
So encounter the resistance and impulse of the 
air. It is here that strength is wunted, and U if 
here that strength lias been iH'stowed. 

! M On examining the assemblage of these buni* 
rated filaments stilt more minutely, we fiud that 
they appear to adhere to auo another. As we 
cannot perceive that they are united by any 
fflatioims matter, it is evident that their com 
naxiou must be eflccted by some mcchaniiHin 
iavimble to the, unassisted eye. By the ahLcf 
*4he microscope, the ^nystery is unravelled. f|i|4 
ivediseover the presence ol a number mumte 
dhrila. armogodehmg the margin of the bithbm. 
•nd. fitted to ealeb ,iqKm and claipoae efietbih 
mhenever tbeilaminie are brought within, 
thinidiamiice. ! The fibril n^lenthm.^lh# 
wnn^^ef.e ifMe eroHWp rnmiitf i d 
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sMtes iof «dg«i ‘ «# etcl)< ^ liiiniitiK*:' 

eaKW ojto giy mmieroui, ii^birre 

iv ’!' '.' .; i .•;.>>'■ ). .-.■■'I t; s’diw -sttKUJi 



edntained in the ftpoce of an in«h; and'theyai^ 
of two kinds, each kind haring a dtflierent fenn 
and oorrature. Those marked a, a, whicdr 'arise 
fnkn the side next to the extremity of the feathSr 
are branched or tafted, and bend dowmrards, 
while dKMe marked b, b, proceeding from the 
other side of the lamina, or that nearest the root 
of ’frie fbather, are shorter and firmer, and do not 
divide into branebesi but are hooked at the ex* 
tremities, and are directed apwarda. When ^ 
two laniiua are broaght close to '(me aai<)thei^* 
the tong, carved fibrils of the one being carried 
over rike short and straight fil»’ils of the olhar, 
betil ' seta become enriM^jled together ; their 
ctv^^ ^ds fhrtentng into ode ano^er, )mit ae 
the fil.a ^r friUs into^to cniity Of jdb. 
ranch which is fixed in fhadoor-^post to leeeira. 



tikes 

B9flfU]^.(pefCK^4^ ;bjf )<9ayiig>ai>sectiteiiciff <l]Wb 
vE^rfo|,« ioaiker acsOss lanuass; fuki MHr> 
mining with a good microecope their cut edges, 
while tfa^ me gmitly separated from one ano- 
ther. .The i^earance they then present is 
exhibited in Fig. 227, which shows dktjnctJy 
the form, direction, and relatire poaitiooB of each 
set of fibrils, and the manner in which they lay 
b(fid of one anoUiec. This mechanism is re- 
peated over every part die feather, aad con- 
stitutes a closdy reticulated surface of great 
extent, admirably calculated to prevent the pas- 
sage of the air through it, and to create by Us 
motion that degree of resistance which it is in- 
tended the wing should encounter.* In feathors 
not intended for flight, as in those of the ostrich, 
the fibrils are altogether wanting: in those d' 
the peacock's tail, the fibrilM, tliough large, have 
not the coostructioo which fits tliem for clasping 
those of the contiguous huntna; and in other 
instances they do so very imperfectly. 

A construction so refined and artificial as thn 
one I have been describing, and so perfocUy. 

* A very clear accouot of (fie mechaoiam (leacribed m iIm 
test la g i ves by Wey, in the Hth chepter of Wa ** HatoaM 
’IbeolDgy." Ma»y«r tfo msuier4eiMlal hevtaepfiediisij 
^ own ebaerveiiom with the nicroacepe. Tba bnnebed 
of the upper fibriia, and the reticulated etructure of the lan»« 
thmaefvee. urfaeo viewed wKb a high nagni^iht polaif, id’ 
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adnpted to the mechanical object which it is to 
answer, cannot be contemplated without the 
dcepf:st feelintj; of admiration, and without the 
most eacrer curiosity to gain an insight into the 
elaborate processes, which, we cannot doubt, are 
einploye«l by nature in the formation of a fabric 
so liitihly finished, and displaying such minute' 
and curious workmansliip. It is only vet^/'re- 
ccntly that we have been admitted to d Close 
inspection of the complicated machinery, W'hich 
is put in action in this bninch of what may be 
called organic architecture ; and certainly none 
is more fitted to call forth our profoundest wonder 
at the eoiupn'hensivi'ness of the vast scheme of 
divine |)rovidence, which extends its can* equally 
to the perfi'ct construction of the minutest and 
apparently most insi<;nificant portions of the 
organize<l frame, whether it lx- the down of a 
thistle, the s<'ah's of a moth, or the fibrils of a 
feather, as w ell us to the completion of the laCgCr 
and more important organs of vitality. 

Kvery bird, on (piitting the egg, is found to 
be covered on all parts, except the under side, 
with a kind of down, consisting of minute 'fila- 
ments, collected in tufts, and resembling 
arrangement the fibres of a camel-hair 
Each tuft contains about ten or tweltb filam^tsi 
growing from the upper ends of bulbous rdoi^S 
implanted in the skin, and which are the rudi- 
ments of the organs that afterwards form the 
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feathers, of which Uiis down, serving the {)ur{Kise 
of a first garment, hastily spread over tlu- youiig 
bird, is but the precursor; for the tufts generally 
spon fall ofl’ and disappear, t!xe«>pl in the rapa- 
cious tribes, as the eagle and the vultur<\ where 
t|iey remain attached to the feathers for a consi- 
derable time. 

. ,Wiiile this temporary protection is given to 
tJiC integument, extensive pn-paralions are mak- 
ing underneuth for furni.shing a mort' e'll’eetive 
rgiment, adapted to the fntun* wants of the bii«l. 
Xhe apparatus by which tin- feathers are to be 
formed is gnidually eonstrueiing ; and its rudi- 
ments are receiving the necessary supply of 
nutrient juices, and of v<'ss« ls for tlieir c irciila- 
tion, together with their usual coinplcinenl of 
nerves and absorl«-nts. When tir^t visible, this 
organ has the fonu of !i very ininut<- «-oia-, 
attached by u filament pnx ceding from its base 
to one of the papilhe of the skin, and estuhlishing 
its eonnexion with the living systiiii. In the 
course of a few days, this cone has hee(»me elon- 
gated into a cylinder, with a pointed extremity, 
while its base is united to the skin hy a more 
i^tinct bond of connexion formed hy the eii- 
itirged vessels, which ar<" supplying it with uour- 
ifhment. It is in the interior of this cylindef 
that all the parts of the feather are couslnicted; 
their earliest nidiinents Ix ing fonne<l at the iipjKT 
part, or apex of this organ ; and tlte materials 



674 THE mechanical FUNCTIONS. 

of the ieveral parts of the feather being succes- 
WFely deposited and fashioned into tfieir proper 
shapes in different places : for while the first 
laminffi are constructing in wie portion of the 
cylinder, the next are only just beginning to be 
formed in another ; and while the outer covering 
of the st<‘in is growing from one membrane, the 
interior spongy tissue* is deposited in other places, 
in various stages of softness or consolidation : so 
that the whole <-omjK)ses a system of oj>erations, 
which may 1 m- said to n-st-mble in its complication 
at least, although on a microscopic scale, an ex- 
tensive manufactory. Hence will be reailily 
uiMh*rsto<Ml how great must be the difficulty of 
tracing all the steps of thest- multifarious pro- 
cesses, which are carried on in so small a spjice ; 
and this difficulty is much incr(‘a.scd from the 
circunjstnnce that the organ in which they take 
place is itself only dev«*lo|M!d a.s tin; work pro- 
ccihIs, its diflerent parts lieing produce<l succes- 
sively in pro{M)rtion as they are wanted, and their 
form Jind structure undergoing frequent variation 
in the course of their developement. 

The most elalwrati*, and apparently accurate 
reaearches on this intricate subject, are those 
lately undertaken bv M. Frederick Cuvier, from 
whose memoir* I have selected the following 
abiidgod statement of the principal results of hk 

* M^moiret du Museum, xiii. 377 ; And Annates des Sciences 
NattiellM, is. 113. 
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obscrTuticai^. It will Ih' oectniRnry in order to 
obtain a clt*ar idtnt of tbo ftovtTal of ibe 

pnK-t>s» to lx; dt'scTilk'd, to advert to Uie Rtruelurf* 
ol a leather in itA rnii>hed »tate. I'tw this pur- 
pose we 101x1 oidy exauiine a eoimnoii feather, 
such as that represented in I'in. 22H, where » » 



the posterior surface of th(* solid stem, which, it 
will be^xirtx'ivtxl, is <Uvid«-»l into two parts by a 
longitudinal giwive, and from cither siiteof which 
proceed a scries of lamina', romposing, with their 
fibrils, what is termed tlie vane of the feather 
(v). The lines from which thes<; iatnime arise, 
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approach one another at the lower part 4lie 
atem, till they meet at a point, where the 
tudinal groove terminates, and where there ia a 
small orihce (o), leading to the interior of the 
quill. From this part the transparent tubular 
portion of the quill (t) commences; and at its 
lower extremity (l) there exists a second, or lower 
orifice. 

The entire organ which forms tlie feather, and 
which may be termed its matrix, is represented 
in Fig. 22!», when it has attained the cylindric 
form already descriUd ; of wiiich a is the apex, 
or conical part that risi's above the cuticle, and 
B Uie basi', by which it is attached to the coriutn, 
or true skin. A white line is seen runuiug Ion* 
gitu<linaliy the whole length of the cylinder, and 
another, exac^tly similar to it, is met witJi on the 
opiHisite si<U* ; tin; one c«)rrespouds in situation 
to tlic fnint, and the otlier to the back of the 
stein ol the future feather. On laying open the 
matrix longitudinally, as is shown in Fig. 2dU, it 
is found to be composed of a sheath or cafisule, 
and of a central pulpy mass, termed /A« btUb. 
The capsule CAinsists of several menibrauoui 
layers (c, e, s, i), which are more consolidated 
near the apex, and become gradually so^er and 
more delicate, as u'e trace them towards tho bate 
of the matrix, where their formation is only bc^ 
ginning to take place. 

The lamiuse and their fibrils, the assemblage 
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of which coufttitutiTH tlic vnnc of the fc'uUicr, are 
the parOi which im; tir»t foniict) ; and their <^>n- 
atmction i# t'lfectiMl iu the wporc between the 
ootcr rBjwile a >, and tlic reiitnil bulb («'. in a 
mode which ia ex<‘<'e<iin^ly remarkabb*. and 
diA'm nt Irotn that of the foniiat^ii ot'fitiy other 
OTKanir prtMiiirt with which v«<' are nr«|tiniiite<l. 
liiiitcad of i^row int; fr<itii a Iium-. like tiiiirw, ami 
other |iro€liirlioiii» of the inteij:uiiienta, l*y hiic- 
ccneivc de|M>f»itioiif» of Inyerw, the material** which 
are to coiiijmjjm* the inniinie are ca.Hi in mouIilH, 
when* th<*y hnnien uml aeqnire tin* exact ahn|a‘ 
of the r<x'i|»ienl ( uviticT*. TIh* next object of our 
curioaity. then, i** to learn the way in which 
theac inouhl?* are conatrneleil ; and on <-areful 
examination thex npiN'ur to be forme<! by two 
HtriaUxl inembmms, the exterior one fr.) enve- 
inpint; tin* other or int«Ti<»r ineiiibmne. 

'rtn-ae iiicinbram's are wepanited by a S4*rie« of 
(Wirtitinna, which rommence at the cilf'cn of the 
loiiptoilinal white band, twen in I'is'. ‘i'ift, and 
wind obliquely upwards till tln-y reach the 
opposite lontfitmlinal band aln*ady det*crificd, 
where they* join a toni^itudinal partition w hich 
occtipiea a line an^werinit to that jmaterior bam!. 
Tl»ti» they leave betwet'n them narrow apaeea, 
which coTwtitnte no many coiiipartments for the 
deposition, an in a mould, of tin; innteriat of 
each lamina. The course of these channels, 
and their junction at the hn«-k of the matrix is 


XOI.. I. 
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at s, Fig. 230. It is exceedingly probable, 
thaugli from the minuteness of the parts it is 
scarcely possible to obtain ocular dc'monstration 
of the fac t, that the fibrils of the lamime are 
formed in a similar iiianiu r, by being mouldcHl 
in still more inimiie compartments, formed by 
transverse; membranous partitions. 

The propcT oflice of the bulb, after it has sup- 
plied the matctrials for the fonnation of the 
lamina*, is to <'onstruet tin; stcan of the feather, 
and unite the lamiine to its sides. For this piir- 
|Kisr' the ant«-ri«)r portion of the bulb de^nisits on 
it.H snrt’ace a plate of horny snlwtaiu’e, while 
another plate is formed by the* pi^sterior part in 
the interior «»f tiu' bulb. Thus the bulb b< com«*s 
divided into two portions. «)ne anterior <tnd the 
other posterior. 'I'he former of tlu‘se, after 
havinu finished the external plate, jiroet'eds to 
form tin; spongy substance, w hieh is to connect 
the two plates, ami the |Kisterior portion of the 
bulb (‘inbnici's tin- iniUT plate, and grudnaily 
folds it inwards till its sidt*s meet at the middle 
groove along the buck of the stem. The anterior 
part of the bulb, during the pnK'ess of tilling up 
the stem, exhibits a series of conical shaped 
membranes, as is seen in the section. Fig. 231 ; 
the ])oints of the cones Ix-ing directed upwards, 
and their interv’uls being cx'cupicd by the s|)ongy 
snbstanre in diderent stages of consolidatioD, 
and more pertected in proportion as they are 
situated nearer the apex of the stem. 
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Whilp the construction of the tV'ntiipr, in its 
difterent statics, is tiiuH nilvuncing from ix'iuw, 
thewe parts which arc ccmiph'tcly loriutHl, are 
risinij nlravc the surface of the skin, still enve* 
lojHtl in the capsule which uri^i^ally prolecttHl 
them, but the upp«T (M>rtions of which, from the 
action of the air, amt the ohiiteratiou of llie 
vcss<'ls that nourished them, now decaying, 
stirixel ami fall otf m ^iireils, allowing tlie 
successive jMirlions of tin- fiaither to come fortli, 
and the lamimi' to unlold themsr ives as tile} rise 
and assmm" tln*ir projH'r siia|M-s. Tins suci'cs- 
si\e e\olution pHseeds until the principal parts 
of the stem ami of tiu’ vane are eoiiipleted ; ami 
then a different kimi of action lakes place. The 
[Mistenor part of the hiilh now (oniructs itself, 
and hriiiuitii' the edt;es of that surface of the 
stem ch>s<T touether at lenutli unites them at the 
siijM-rior orifu e o, I'ij;. Jiti ; wliere the lamime, 
wliieii follow tlu'se lines, also terininute. Having 
thus jwrfonmal the otlic«- assiumsl to it, it 
cf^ises to he iiourislied, and is iiicapahle any 
loiii;«‘r of dejKwitinu a horny eoveriny to the 
feather ; all that remains of its suhstam e is a 
thin memhrane wliii li adheres to the outside of 
the tiiimlar part or liarrel of tlie «|uill, and whieli 
must Im.' wrap<*<t oil hefore tin; latter <'an he 
used as a jH ii. The tubular part is tlie product 
of the anterior |Mirt of the hulh, which now 
ceases to dejioeit the sjHMmy sulwfame, but 
fonus a transjMirciil horny material over the 
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Mhole of it« external surface ; but as it retires 
towards the root, it leaves a succession of very 
thin pellucid iiu nibrancs, in the form of cones, 
which, when dried, form what is termed /Ae pilh 
of the (jnill. The last remnant of the bulb is 
seen in the slender li^ament which passes 
throu|j;h the lower (»rifice, and prcsenes the 
attachment of the feather to the skin. In pro- 
cess of time, this als<» decay.s, and the whole 
feather is cast otV, pr< j)aratory to the fonnation 
of another, w hich in due season is to replace it. 
All the feathers are, in gj iieral, moulud annu- 
ally, or even at shorter j)erio(ls; and the s,-une 
complicated process is attain begun and com- 
pleted by a new matrix prcnhiced for tin- oc- 
casion, every time a new feather is to be formed. 

It is im{K>ssil)le, on reviewing thes»* curious 
facts, not to he struck w ith the admirable art and 
foresight which are implieil in all this long and 
coni|tli<'at('<l series of op<>rations. While the 
bird was yet nourished by the tluids of the cgji, 
the ground had already bwn pn paretl for its 
future phunage, and for the formation of in- 
struments ol Hight. A temporary investment of 
dow n is in reudinesslo shelter the tender chicken 
from the rude impressions of the air, and an 
apparatus is preparing for the construction of 
tile most refined instruments for clothing and 
for motion : first the scaffolding, as it may be 
called, is ert'cted, by the help of which each l>or- 
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tion is fuiiU «j» in siirc^'ssion. mul in pnijH'r 
ortltr. Nafim-’s next rnrf is lo ctmstnirt tin* 
viun*. wlnrli is tin- part of tin- ft-atln-r inosl os- 
sc-ntial to its oHirr : anil tln-ii to form tin- shaft, 
to whit li tin- vaiH- is to In- afti\«-<l, ami from 
which it ns'civcs it- sti{i|»ort ; lastly, sin- forms 
tin- harrt-l of tin- tiuill, whi< h is |)n>l«>ni'<'(l for tin* 
j)ur|M>sf- of roiorrtinu it into u h-M r of siifhcit-nt 
h-nirth for tin- tin ( lianii al oll'n-o it has to jn-rform. 
In jirojtortion as « ai h stnn lnrt is tinishi-d. sin- 
nonh-i ts not to r< ii)o\< tin- si allohlino which lunl 
hccn s< t np as a temporary sirnctnre; tin- nn m- 
hram-s, with all tin ir partitions. ;irc carried awtiy, 
the vascular pnlj* of the linlh is alisorhed, and 
its place snppliiil Ity air, thus S4'curint4 the 
ntinost litihtnc'S, without any diniinntion »»f 
strciiirth. Is it jHissililc for any ratioiuil mind, 
after ineditatint: ujion thesi- facts, to arrive- at tln- 
pt-rsnasion that tin y are all the mere resiiIt.H of 
chance ’ 


Several < ircntiistanees n-muin to be noticed 
resjM’etini; tin- structnn- ami actions of tin- wind's 
of fiirds. If w(- Jitteml t«i the inrsle of their arti- 
nilation with the s< apida, wi- find if proiliieim} 
a motion obliipu- with ntiard to the axis of tin- 
ImkIv, so that the stroke which they «iv<- to the 
air is dire<-t<sl Inith downwards an^l backwards; 
and the bird, while moving forwards, is at the 
same time supported in opjKHition to the force of 



582 THE MECHANICAL FUNCTIONS. 

gravity. The different portions of the wing are 
likewise so disposed as to be contracted and 
folded together when the wing is drttwn up, but 
(blly expanded whoi it descends in inffer to 
strike the air. It is obvious that, without this 
provision, a great part of the motion acquired by 
the resistance of the air against the wing in its 
descent would have been lost by a counteracting 
resistance during its ascent. The disposition of 
the great feathers is such that they strike the air 
with their flat sides, but present only their edges 
in rising: what is feathering the oar in 

rowing is a similar operation, performed with the 
same intention, and deriving its name from this 
resemblance. 

As the inclination of the wing is chiefly back- 
wards, the greatest part of the effect produced 
by its action is to move the body forwards. 
Birds of prey have a great obliquity of wing, anti 
are constKjiu'Utly bt'ttcr formed for horizontal 
progressive motion, which is M'hat they chiefly 
practise in pursuing their prey, than for a rapiti 
perpendicular ascent. Those birds, on tlie con- 
trary, which rise to great heights in a direction 
lUiarly vertical, such as the Quail and the Lark, 
have the M ings so disposed as to strike directly 
downwards, without any obliquity whatsoever. 
For the same reason, birds rise better against 
the wind, which, acting upon the oblique surface 
presented by the wingsduring their flexion, contri- 
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buttift (o tike siMcent of the ho4y o^ the »aiiio 
{principle that a kite i» rarried 14 ^ iuto the au* 
lfrheii.iebutt«4 in anohUque poaUioii. Thufi<;U* 
oupftnoce ia fwatkculariy oh^rvfkbl«[ Uic 

hinia of pray^ wheao wings have a ij^t (^|i- 
qtiity» and, when fuUy expanded, present a vary 
large extent of aurhtce. 

The actions of the tail, which opt'rates as a 
rudder, are useful cliietly in dirtvtiiig the tlighl. 
When the tail is short, this oliicc is supplied by 
the legs, which tux- in that case giaierally very 
long ; and being raised high iuid uxteinied back- 
wards in a straight line, are uf roiiHitlerahli! 
assistance in the stecnige of the animal. In 
inuny birds, as in the w«MMl-|M.‘ek4-i‘, the. tail is 
much employed us u snp|iort to the Ixsly in 
climbing trees. 'I'lie eaudal vertebra' are often 
iiuiiieruus, but are short and coinjiressu'd toge- 
ther ; they are reinarkahle for tin- great deve- 
lope.iucut of their transver»' procesw's, ami for 
haviltg spinous prtN-esses both on their lower 
and upper sidt's. The lust verU’hni, instead of 
being cylindrical, has a broad carinuted spine 
for the instirtion of large feathers. 

Birds (x»ul(l not, of <'Ours<;, be always on the 
wing; for u gruit expenditure of muscular 
power is constantly going on while they supjiort 
themselvi in the air. Occusioiiul rest is neces- 
sary to them as well sis to oUu;r animals, tunl 
nteaus are accordingly provided by iiatun; for 
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tlieir tnociianical support and proi^reMiTe motion 
while on land. 

The anterior extremities having been «citi- 
Hively appropriated to flight, and constracted 
with reference to the properties of the atmos- 
phere, tile offices of sustaining and o{ moving 
the Iwjdy along the groimd most be eatnisted 
wholly to the hind limbs. The centre of gravity, 
before sustained by the wings, must now be 
briHigiit over the new basis of support fionned 
by the feet; or rather, as it is ]dace^ for 
forwards, the fw't must be considerably ad- 
vanced so as to be brought iindemeatli that 
centre. But as the bones of the postmor ex- 
tremity have their origin from the remote part 
of the |>elvis, which is elongated backwards, at 
a consideralile distance from the wings, it be- 
came necessary to lengthen some of tlieir parts, 
and to bend their joints at very acute angles. 
We accordingly find that while nature, in the 
fonnation of the limb, has preserved an acemv 
dance with tlie vertebrated type, both as to the 
numlier pu-cos which compose it, and as to 
tlieir relative situations, she has deviated fiNNn 
the model of quadrujieds in giving much greater 
Imigtli to the division corresponding to the foot. 
At the same time tliat the foot is brought for- 
wwids, tlie toes are lengthened, and made to 
spread out so as to enclose a wide base, owev 
which the centre of gravity is sitiuitod.' The 
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extent tbis ba«r is so c<msidernhlo that n bird 
can, in genornl, supitoit its«*lf with enso u|ion a 
■ingie foot, without danger of being ovi'rsot by 
the enavoidtiblo vacillations of its body. 

The fonur is short conipurcd with the tibia, 
which is genersdiy large, esp^-cially in the order 
of Graiitr, or wading binis: the fibula is ex- 
ceedingly slender and uls'uys uniti'd, at its 
lower part, with the tibia; and there is a total 
deficiency of tarsal bones, except in the Ontrirh, 
where rudiments of them may be traced. Already 
we have seen, in ruminant qniidru|M)ds, that 
these bones have dwindleti to a very siiudl size ; 
but here they have wholly diHuppeored. The 
long bone which suececxls to the tibia, though 
considered by some anatomists us tiie tarsus, 
is properly the metatarsal bone, and in the 
Gralla* is of grtmt length. At its lower end it 
has three articulations, Hhu[M‘d like pullies, for 
the attachment of the tlm>e tora: there is iH'siiitis, 
in almost all birds, u small nidiment of anotlier 
metatarsal b<}ne, on which is situated tlie fourth 
toe. The numlier of bont^ which compose each 
respective toe appi'^ars to Iw regulated by a uni- 
fbrei law. The innennost toe, which may be 
compared to a thumb, consists invariably of two 
bones: that which is next to it in the order of 
sequence has always three ; that which follows 
has four ; and the outermost toe has five bones : 
the claws in every case being affixed to the last 
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joints, which hare theref(M% been termed the 
ungual hones. This remarkable nmnerical re* 
latlon among the several l>ones oi tlie toes exists 
quite independently of Uieir length. 

There is one whole onler of hinls which are 
particularly fitted for climbing and perching 
upon trees, having the two middle tea's parallel to 
each other, and the inner and outer toes turnetl 
back, HO OH to be oppoH<*d to them in their action. 
They arc; thus enaliled to grasp objects wiili the 
greatf'st facility ; having, in fact, two tbumlis, 
which arc opjaisahh; to the two fingers. They 
have l>een termc-d Scamtm’s, or 
Almost all other birds have tliree toes before, 
and one behind. 

From this (‘iiumenUion it Mould ap{>ear us if 
Nature, in modifying the type of vertebruted 
animals to suit the pur|K)M*s ri.‘4|uired in the bird, 
had purfxisely omitted oue of the tca«, w Inch are 
usually five in number. But instances occur of 
birds, in w hich we may trace the rudiment of a 
fiilli toe high u]xin the metiUarsus, and upon its 
inner side. The spur of tl»e c<K’k may be re- 
garded as liaving this origin. What coudrujs 
this view of the subject, is, that in those birds 
which have only three toes, namely, in the Emu, 
the Cassowary, and the Rhea, it is again the 
inner toe which disappears, leaving only the 
Uiree outer toes, namely, those which have res- 
jiectively three, four, and five phalanges. TTie 
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Oilrick has only two toes, one Imvin^ four, niicl 
the other five phalanges; hert‘, again, it is the 
innermost of the thnx' former, that is, the one 
having three phalanges, which has lieeii sup- 
pressed.* 

A bird is capable of shifting the jwsition of 
the centre of gnivity of its ho<ly, accortling as 
circumsbincos recpiire it, simply by advancing or 
drawing back its head. While tlying, the neck 
is stretched forwards to the utmost, in order to 
bring the centre of gravity immediately under 
the origin of the wings, by which the lM)dy is 
then suspended. When biols stand nj)oii their 
feet, they carry the head hack as far as possible ; 
so as to balance the Ixsly on the base of support. 
When preparing to sleep, th<*y bring the centre 
of gravity still low er, by tiiniing the head round 
and placing it under Um- wing. Them- motions 
of the head are again r<*sort<‘d t») wln-n the liini 
walks ; and the centn* of gravity is thus trans- 
ferred alternately from one fVs>t to the oth«T : 
hence, in walking, the head of a bird is in con- 
stant motion ; whilst thi; duck and other binls, 
whose legs are very short, have a waddling 
gait. It may be obsrneil that the moa* fier- 
fectly predaceous birds are not the best formcil 

• The la»l bone of the outer to.- of th. wtrieh ii very •msll, 
and being u»oally lo« in pr« |>arinK ih. »keletoo, been o»er- 
looked by naturaU.!.; but Dr. (irant liu crta.ucd, by U..- 
^careful diweetion of a rcccut the txuunce of lh.» 

fifth phalanx. 
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Amt T ralking^ ; becaone, were they to use their feet 
fbethnt purpose, their talons, which are re<juii^ 
to^b*! kept sharp for seizinj^ and tesiring thdr 
prey, would be bluntctl ; and accordingly the 
eagle, when inoving along the ground, supports 
itself partly by the motion of its wings. 

In roosting, birds supj>ort themselves upon 
their perch by nteaiiK of one h“g only, the other 
l)eing folded close to th(> bcxly. They even 
maintain this attitude with greater ease and se- 
curity than if they rested u|M)n both feet. The 
true explanation of this curious fact was long 
ago given by Borelli. On tracing the ttuidons 
(t, t Fig. 333) of the mu8t;les (m, m) which bend 
the ('laws, and enable them to grasp au obje<‘t. 
we find them passing over the outer angles of 
each of the intervening joints, wi that whenever 
Uittst' joints an- iM'tit, as shown in Fig. 234, tFios<’ 
tendons an; put UjM>n the stretch, and int'chani- 
rally, or without any action of the muscles, tend 
to close the f<M)t. When the birtl is on its perch, 
this effect is prtKluced by tlu' mere weight of the 
body, which, of course, tends to bend all the 
joints of the limb on which it rests ; so that the 
greater that weight, the greater is the fdtee with 
which the toes grasp the j»erch. All this takes 
place without muscular effort or volition on the 
part of the bird. It remains in this position vrith 
more security on one foot than it would hatrt 
done by resting u|K)u both ; because in the latter* 
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U»e weiglit of the body, being divided 
between them, does not stretch the teudims suf- 
ficiently. In tins position, the bird not only 
sleeps in perfect security, but resists the impulse 
of tlie wind and the shaking of tlu; IxMigh. 

The great length of the toes of birds cnabltM 
them to stand steadily on one hv : and in Uiis 



attitude many emjjlo)' the other foot as a hand ; 
especially parrots, whose head is too heavy to Ixt 
readily brought to the ground. Some birds, 
which frequent the banks of rivers, are in th» 
practice of holding a stone iii one foot, whiks 
they rest upon tlie otlicr: this contributes to 
increase tlieir stability in two ways; find, it 
adds to the weight of the IxKly, which is the 
force that stretches the tendons, and causes 
them to grasp the bough ; and. secondly, it ahm 
lowers the centre of gravity. 
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TTie (ttork, and some ottier birds betonging to 
the same order, ixrhich sleep standing on one 
foot, haTe a curious mechanical contrivance for 
locking the joint of the tarsus, and preserving 
the h-g in a suite of extension without any 
imiMrular effort. The mechanism is such as to 
withstand the effwt of the onlinary oscillations 
of the Ixsly, when the bird is rejiosing ; but it is 
easily unluckeil by a voluntary muscular exer- 
tion, when the limb is to Ik,* lient for progression. 
On UK'S*! occasions the ball of the metatarsal 
Imnc is driven with some force into the socket of 
tlu* tibia.* 

1 must <*(jntent myself with this general view 
of the mechanism of birds ; as it would exceed 
the limit.s within which I must confine myself, 
to enter more fully into the jieculiarities which 
distinguish tlw* difiert'iit orders and families. 
Some of the more remarkable deviations from 
what may lie considen*d as the standard confor- 
mation, may, however, for a moment arrest our 
attention. 

Tlu* Oalrieh is of "all birds the one that pre- 
sents the greatest' number of exceptions to Uie 
general rules which appear to regulate the 

• This mechnnism i* noticed by Dr. Macartney, in the Trans- 
actiont of the Royal liiih Academy, vol. xiii, p. 20, and ia more 
fully described in Reea't Cyclopa'dia, Art. Biao. He obeenrea 
that both Cuvier and Oumtril have coromiued an error in re- 
ferring thi* peculiarity of structure to the knee inetead of the 
la r»al joint. 
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confonuatiun of bird». aiul in iiiaiiy of its pcru- 
iiaiitiet) of strucum; it uiakci^ »otuo afipnuioh 
to tiiat which ('hiimrleri.'^'« tin* «|unUni|icd. 
Though this hinl is provititnl witli wings, it wns 
cvidfiitly never iiitemlttl thut tl»cy shmihl In* 
uw'd for the j>ur|Him>s of flight. H«*iice the 
chief musculnr |M)wcr has iH-slow txi on tJie 

Utrs, which ar«‘ rcmarkuhly thick iiiul Htrong. 
and well fitted for mpiil progri'ssion. The ster* 
iiiiia is tint and diH*s not |»res« iit tin- kctsl-like 
projectioii which is so reintirkuhle in that of 
nil other hinls. 'Fhe I’InvicU s do not reiwh Uie 
sternuiii, nor even nn et at the anterior part of 
the chest to form tin- furcniar Ihmic ; for us the 
wings arc nut employed in Hying, tin; usual 
otiice of that hoin; i.s in»t wanted. 'I’he liirm of 
the jK'lvis is ditlcn nl fniiii the ordinary struc' 
ture ; for the pubic Ikhics, which in all other 
hinls arc separatisJ liy an interval, hen- unite as 
they do in i|uudru|n‘ds. 

The feathers are uiiprovidisl with that cIuIm)- 
rate apparatus of crotchets and fibres, which are 
univi'rsally nu't w ilh in bird-s tliat fly. The 
iilaineiits of the ostrich s feathers, in consequettee 
of having none of tliesc; fibrils, hung hxise and 
detached fnnn one another, forming the fine hair 
or down, whtc;h, however ornamental us an 
article of dross, must be viewed, when con- 
sidered physiologically, as a s{Hf ies of degene- 
racy in the structure of feathers. 
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♦Wob4t,. by ite shortness, totally ,wfi,tt^ 
Bfusing^^he body in the air: it 
caiYpd a very different destination, b^itg 
for swimming- In external form, it resemlile* 
the anterior extremity of the turtle ; but ^tjll wp 
bml it constructed on the model of the wings ^f 
birdft; as if nature had bound lierself by, a law 
nut bo de|iart from the standard of organization, 
althttugh the .pur[K>se of the structure is , alto- 
gether changed- As penguins arc intended for 
a !inaritiine life, all their extremities are formed 
for swimming- Their legs are exceedingly 
short. au4 placed far backwards so that tliese 
birds are compelled, when resting on their .^t 
on the siiore, to raise tiieir bodies in a perpen- 
dicular attitude in order to place the centre of 
gravity imme<iiately above the base of support : 
a ])OSture which gives them a strange and gro- 
tesque ap{>oaraDce. 

J hnvie already alluded to the lengthened. 1^ 
and feet of the waders, the utility of which to 
buds . frequenting marshy places, and sh^low 
watem is very obvious. Their legs are ndt 
covered with feathers, wluch would have been 
injured by continual exposure to wet. But 
birds of a truly aquatic nature, have their toes 
webbed, that is, united by a membrane, a me- 
chanism which qualifies them to act as oars, and 
indeed gives them a great advantage over ail 



Mrwri.AR rowKii in miirM. Mil 

artificial oaw that have 1 kn*ii c<i«uitnt^tcd l>y 
human ini^cnnity : for aa'tmon na the oxfianHeil 
foot Kaa itiijK’llcil the water behind it. tJie tnea 
coltnpw*. and while it ia ilrawn forwanl it pret- 
aenta a A'ery amtdl surface to the oppoaittfi water. 
Tlieir pluinnjre is so construefjHl na to prevent 
the wat« r from |>euetmtin]if ihrouifh it, and fi»r 
the purjv>s<' of preservinc; it in this enmlition 
these birtls are provided with an mly fluid, 
which they carefully spread over the whole 
surface of their hodi«*a. The Swan, and many 
other water-fowls, employ their win^a na sails, 
and are carried forwards on the water with con- 
sidersihle velo< ity, by the impulw of the wind. 

Birds exc«'l all other vertehmte<! animals in 
the enertry of their mnsriilnr powers. Tho 
promptitude, the force, and the activity they 
display in all their movements, and the nn- 
w<*ari«*<l viffour with which they perwjvere for 
hours and days in the violent exertions rtsjnired 
for rti||fht, far < xreed thf>s«' of any qiiadrapisl, 
and implies n higher det^w »»f irritability, d«- 
IH iideiit probably on the crr»*at extent of their 
respiratory funetions. tiinn is |)Ossesse<l by any 
other class of animals. 
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